






























As dial systems have been improved, so 
also have the means of keeping them at top 
efficiency. Even before trouble appears, 
test frames, developed in Bell Telephone 
Laboratories, are constantly at work send- 
ing trial calls along the telephone high- 
ways. Flashing lamps report anything that 
has gone wrong, and the fault is quickly 
located and cleared. 


If trouble prevents one of the highways 
from completing your call, another is 


~~ A Dial System Speaks for Itself 


New York Telephone 
Company men watch 
as a crossbar dia 
system reports t 
its test frame 

at exchange 

“Watkins 9 
New York 








selected at once so that your call can go 
through without delay. Then on the test 
frames lights flash up telling which high- 
way was defective and on what section of 
that highway the trouble occurred. 


Whenever Bell Laboratories designs a 
new telephone system, plans are made 
for its maintenance, test equipment is de- 
signed, and key personnel trained. Thus 
foresight keeps your Bell telephone system 
in apple-pie order. 


BELL TELEPHONE LABORATORIES €ExPLoRING AND INVENTING, DEVISING 
AND PERFECTING FOR CONTINUED IMPROVEMENTS AND ECONOMIES IN TELEPHONE SERVICE 
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$f ASSEMBLE YOUR OWN! 


Save more than '2 Regular Cost 
Complete Optics Complete Metal Parts 
GOVT. 7X50 BINOCULARS 
Here’s an unusual opportunity to 
secure a fine set of Binoculars at 
a substantial saving of money 
Offered here are complete sets of 
Optics and Metal Parts for the 
7] x 50 Binoculars. These com- 
ponents are new and all ready 
for assembly. We supply full in- 
structions. Limit—4 set of Metal 
Parts and 1 set of Optics to a 

customer. 

METAL PARTS—Set includes all 
Metal Parts—completely finished 
—for assembly of 7x50 Binocu 
lars. No machining required. 
Bodies have been factory hinged 
Binocular Carrying Case 








A sturdy 
js optional with each set of Metal Parts 


and covered. 


$39.40 Postpaid, 
plus $4.80 for Case—Total $44.20 
includes all Lenses and 
Prisms you need for assembling 7 x 50 
Binoculars. These Optics are in excel- 
jent condition—perfect or near perfect— 
and have new low reflection coating. 
Btock 75102-X 7x50 Optics 
$25.00 Postpaid 
NOTICE! Jf you buy both the Binocular 
Optics and the Binocular Metal Parts, 
our purchase becomes subject to 20% 
Federal Ercise Tar. Be sure to add 
amount covering tag to your remittance. 
ARMY’S 6X 30 BINOCULARS 
COMPLETE OPTICS & METAL PARTS 


Stock #842-X 


OPpTICS—Set 


—Model M-13Al 6 x 30 Binoculars. 
(Waterproof model.) Everything you 
need—ready for assembly. When fin- 


ished will look like a regular factory 
job costing $102 to $120. The Optics are 


plus $8.00 tax—Total—$18.00 
Optics and Metal Parts are Available for 
Monoculars (% a Binocular). For Com- 
plete Details, Write for Bulletin #14-X. 

POLARIZING VARIABLE DENSITY ATTACHMENT 
FOR BINOCULARS 

An amazingly effective unit for controlling amount of light 
Teaching your eyes. Cuts down glare in sky and overwater 


observations. Easily snapped on and off over the eye cups 
of American-made 7x 50 Binoculars. Govt. cost $8.30 each 
on 5 5 6a 5 acy 0 0.0.¥:0.6'0 0 6.6:0.0.6.010.0.0/0:0 $2.00 Postpaid 


Above Polarizing Attachment also adaptable to Govt. 6 x 30 
Binoculars with substitution of special Eye-cups. 
Stock #20,010-X 6x 30 Eye-cups ..... 75¢ pr. Postpaid 


$200.00 DRIFT METER for $5.60 


These were used for determination of 
drift and true air speed. You can 
adapt to other uses or take apart to 
get 2 mounted Achromatic Lenses— 
Mirrors— Field Lens— Pantograph— 





Engraved Scales—Sponge Rubber 
Disces—metal parts and other com- 
ponents. Instrument weighs 4 Ibs. 


Lame . Stock #£942-X ........ 5.60 Postpaid 
OVT’S FIRE STARTING LENSES (Gov. cost 60¢ Our 
Price 25¢ ea.) Issued during war for emergency use to start 
res if lost without matches. Double convex lens—5l mms 
ia....F.L. 89 mms. Edges may have slight chips as per- 
ect edges were not required by Gov. specifications. May be 
sed as magnifying lens. Also can be used as condensing 
enses in 35 mm projectors. 

tock #1093-X 25¢ ea. Postpaid 
SPECIAL OFFER—50 for $11.25 or 100 for $20.00 
: POLARIZING OPTICAL RING SIGHT 
pamounted) Used in gun sights—especially for shotguns. 
8 you look through, you see a series of rings that you 











INFORMATION 
Read entire page carefully 


Satisfaction Cuaranteed— Write for FREE CATALOG-X 





8 POWER ELBOW TELESCOPE 


Gov't Cost $200.00! Our Price $17.50! 


Big 2” diameter objective All lenses 
Achromatic. Amici prism erects the image 
4 built-in filters—clear, amber, neutral 
and red Slightly used condition but all 
guaranteed for perfect working order Weight 5 Ibs. Can 
be carried but a trifle bulky Excellent for tinder on Astro 


nomical Telescope 

Stock 37943-X PO , F 

6 POWER GALILEAN TELESCOPE 
“8mm dia. Achromatic Objective Lens 


$17.50 Postpaid 
(Commercial Surplus) 
Sturdily constructed 


of Aluminum. 7” long, extends to 9” Complete with carry 
ing case. 
Stock #941-X $3.00 Postpaid 


MOUNTED PROJECTING 


LENS SYSTEM F.L. 91.44 
mm. (just right for 35 mm. 
Projectors). Speed of F 1.9. 


Outside dia. of mount 
end 60 mm. Length of mount 64 mm 
Stock 34033-X yee $3.00 Postpaid 
THREADED OUTSIDE 
MOUNT FOR FOCUSING 


at one 





ABOVE SYSTEM (Not Illus.) 
Stock #715-X .. $1.00 Postpaid 
SIMPLE LENS KIT 


Some gov't surplus, some 
commercial surplus, some 


chipped re 


jects, some perfect, few coated in 
any event an excellent bargain Con 
taining Plano Convex, Double Convex, 
Concave, Meniscus Lenses. Dia. range 


5 mm to 40 mm 
Stock 35-X 


Assorted focal lengths 
45 lenses $5.00 Postpaid 
Stock #10-X S80 lenses $10.00 Postpaid 
CONDENSING LENSES Seconds, but 
suitable for Enlargers and Spotlights 
Stock #+1061-X 6%” dia., 9” F.I 
$2.50 Postpaid 
Stock +1080-X eee a ay te at 
$1.00 Postpaid 









new, in perfect or near perfect condition. each month. There are often new We have a Limited Quantity of Con 
Have new low reflection coating. Metal items of interest. Be sure to densing Lenses—seconds—ranging from 
Parts are new and perfect, all completely specify “stock numbers” and en 414” to gi,” aide with varios ical 
finished. No machining required. Bodies close payment with your order. lengths. Send for ‘Free Bulletin titled 
factory hinged and covered. Complete Buy with complete confidence that “MISCEI I ANEOUS CONDENSING 
assembly instructions included. merchandise will be exactly as LENSES-X.” meee 

Btock #830-X ......... $40.00 Postpaid, represented. se spaces aay sik weatibe 






LENS CLEANING TISSUE 
sheet size 11” x 744” Made to 
specs Free of abrasives High 
strength 

500 sheets 






Govt 
wet 


Stock 7721-X 
CONDENSING LENS SET 


bienieaved . $1.00 Postpaid 
Consists of 2 Condensing Lenses 
with diameter of 2” Used for making 35 mm projector or 
many other purposes 
Stock 34034-X ee eee a weet 
TERRIFIC BARGAIN 
BUBBLE SEXTANTS 


Postpaid 


Sextants 


Bubble 


These Army Air Forces 
cost the Govt. about $125.00 each. 


A real bargain at our price of 
$12.50! Included with Bubble 
Sextant shipment is wooden 
Carrying Case, 5 spare waxed 


paper discs, flashlight with rheo- 
stat for night use (uses ordinary 





flashlight cells—not furnished) 
aux. 2-power Galilean Telescope, 
Allen wrench, 1 spare marking 
point. Wartime used, BUT COM- 
PLETELY REPAIRED, COLLI- 
MATED AND PUT IN GOOD 
WORKING ORDER. If not 


Satisfied that Sextant is exactly 

as represented, return within 10 days and money will be re- 
funded. Full directions for use accompany each shipment 

ea $12.50 Postpaid 
Same SEXTANT as above, but BRAND NEW and with Auto 
matic Electric Averaging Device and Illuminated Averaging 
Disc for nighttime use. Govt. cost $217. Though brand new 
we have re-checked Bubble and Collimation and GUARAN- 


Stock #933-X . ..++. $22.50 Postpaid 

















cers Write for FREE CATALOG X 











IF YOU'RE INTERESTED IN OPTICAL BARGAINS 


We Hove Literally Millions of War Surplus 
Lenses and Prisms for Sale at Bargain 
Prices. Numerous Types of Instruments Too! 





superimpose on your target. No front sight required. In- 
freases degree of accuracy. z 2 t worki 
Sak oeeee-e .............. $1.00 Postpaid TEE perfect working order. 
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ORDER BY SET OR STOCK NO. 
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THE MAGNIFICENT RODENT" 


H. RAYMOND GREGG 


Mr. Gregg, a graduate of Hendrix College, Conway, Arkansas, is chief of th 
Naturalist Division, National Capital Parks. He has made many contri 
field of nature education, including the Junior Nature School, Rocky Mountain National 


Park, one of the pioneer efforts in outdoor education for juveniles. His “Nature 


? . y 
butions to the 


Sketches” broadcast from the Park were an NBC network feature for six years 
Washington. 


prior to his transfer to 


S RECENTLY as forty years ago, when few 
people had the opportunity to visit the re- 
mote remnants of wilderness in our country, 

it was only an occasional person who had seen a 
beaver in the wild, or observed its works. The 
once-fashionable gentleman’s beaver hat had_ be- 
come a collector’s item, and a fine beaver coat for 
milady was a faint social will-o’-the-wisp. To most 
people, the beaver had become largely a legendary 
symbol of industry. Yet, in the America of our 
fore fathers, this oversized rodent inhabited the 
whole continent north of Mexico, except the river- 
less wastes of the Great Basin, the frigid Arctic 
tundras, and the extreme southeastern coastal 
plain, 

The sheer weight of aggression by a people who 
cleared the land, polluted streams and diverted 
their waters, and exercised strong intolerance of 
wilderness neighbors inevitably must have reduced 
greatly the range and population of beavers. But it 
was not slow pressure of displacement that brought 
the beaver to its sorry plight in 1900. A hundred 


_ years of persistent trapping for the market danger- 


ously lowered populations while vast acreages of 
habitat suitable for beavers remained relatively un- 


} impaired. Four phenomenal decades of expansion, 
} exploitation, and social excitement between 1805 


_* Photograph on page 78 by Paul Nesbit. All others by 
National Park Service. 


and 1845 brought feverish and far-flung activity by 
trappers and fur traders. By 1850, almost through 
out the United States, beaver trapping had reached 
a point of diminishing returns, and the species 
approached or had reached extirpation over much 
of its former range. 

There are published estimates of aboriginal pop 
ulation as high as 400,000,000, but 60,000,000 is a 
more acceptable figure. Such estimates necessarily 
are based upon limited data, and probabilities. 
However, ona comparable basis, possibly the 1900 
beaver population for the United States proper 
could be covered in five figures. 

The ground swell of conservation consciousness 
of the early 1900s brought attention to the beaver 
as a vanishing species. Writers, some of them more 
enthusiatic than accurate, stimulated widespread 
interest in the beaver and its way of life. By World 
War I, stringent or total protection was provided 
by law almost everywhere. Widespread efforts were 
begun to restock depleted territories, or even to ex- 
tend the known range of beavers. The ensuing years 
have brought fruitful results. Today, relatively 
tew Americans live more than a day’s drive from 
a wild-beaver colony. 

A 1940-41 survey of eleven Pacific Coast, Rocky 
Mountain, and Great Basin states reported a beaver 
population of 324,000. During that same year, re- 
moval of nuisance beavers in those states produced 
53,936 pelts, worth $1,096,659. Also in that year, 


/ 


? 
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even in the former “‘dust-bowl” state of Kansas, 
308 beavers were trapped. New Mexico and North 
Dakota, unassociated in popular thinking with 
beavers, harvested 1,160 and 1,800 beavers, re- 
spectively. The year before, 72 were taken in 
Texas! Restoration of beavers has not been in the 
West only. In Maine, 3,049 beavers were taken 
during 1940-41; 1,023 in New Hampshire; and 
1,195 in Pennsylvania. At the Sixth North Amert- 
can Wildlife Conference in 1941, Miss Fannye A. 
Cook, of Mississippi, reported removal of beavers 
to placate complainants in that state. Virginia was 
progressing with re-establishment of beavers. 

Table 1 presents data for 1946 from states that 
responded to a questionnaire. Since the early 1930s, 
Michigan and Wisconsin have developed a sus- 
tained-yield fur resource and have compiled a 
wealth of information basic to sound management. 
G. W. Bradt (Michigan Beaver Management, 
Michigan Conservation Commission, 1947) and N. 
R. Barger (A Peak in Wisconsin’s Beaver Har- 
vest, Wis. Conservation Bull., November 1947) 
have described the programs in those states. 

In Michigan, 15,296 beavers were trapped in 
1945. In 1946, it was still possible to harvest 9,859 
pelts, although the season was closed in 1947 as a 
precaution against overdrawing breeding stock. 
Price stimulus (the 1946 take, at an average of 
$40 per pelt, grossed $394,360) may have induced 
harvesting beyond the productive capacity of the 
population. However, in seven years, 1938-44, with 
the Upper Peninsula closed in 1942 and 1944, there 
was an average annual yield of 5,663 pelts. It is 
likely that improving management and trapping 
practices will bring consistently higher yields. 

Between 1936 and 1943, Wisconsin averaged 
4,571 beaver pelts, including a zero figure for the 
closed season of 1940. The annual harvest varied 
in direct proportion to pelt prices. This was most 
striking when the 1944 figure jumped to 7,720 
from a total of 4,564 in 1943. The season was 
closed in 1945. Then, in 1946, a harvest of 15,280 
beavers was taken, bringing 
$702,880 ! 

As a final statistical tribute to the capacity of 
beavers to thrive when aided by man, consider the 
case of Montana, where 10,200 pelts were taken in 
1946, even after peak harvests of 12,752 in 1940; 
17,717 in 1941 (a modern record for any state) ; 
and 11,161 in 1942. 

Probably two factors contribute most to the 
beaver’s capacity for survival and recovery : adapta- 
tion to life in an aquatic environment, and partially 
concomitant relative ineffectiveness of predators 
other than man. 


revenue of 


gross 


74 


Under conditions favorable to the predat 
of the land carnivores can kill a beaver. | 
wolverine, cougar, lynx, bobcat, coyote, a 
have been most effective. Fisher, otter, a1 
mink, all capable swimmers, are proved or 1 
predators, but the extent of their predat 
unknown. The primitive abundance of | 
when predators also were abundant, indicat 
native ecological adjustment. 

The mature beaver is a formidable ad 
when attacked, Even man is not immune (al 
game wardens are not taken in by trappers, 
with illegal pelts, who plead _ self-defens¢ 
beaver has strong, sharp incisor teeth and px 
jaws. The body is stocky, thick-necked, 
skinned, with low center of gravitvy—all ex 
defensive traits. A record California Golden | 
exceeded 80 pounds. A male, drowned in liy 
ping operations in Rocky Mountain Nationa 
weighed 55 pounds; it was not unusually lar 
that region. Accidents such as crushing by 
trees, internecine warfare, and internal pai 
probably account for more beavers than pre: 

Adaptable to a great variety of aquatic ai 
association food plants, and tolerant of great 
tions in temperature, the beaver had one 
greatest aboriginal territorial ranges among 
mals of this continent. Southern sloughs, 
penetrating desert lands, and cold streams at 
of high altitude and latitude alike are cap 
supporting colonies. It may almost be said 1 
the extreme environments the beaver inhabits 
are in common only water and others of its ki 

Large, webbed hind feet are powerful meat 
propulsion. The broad, horizontally flattened, 1 
hairless tail serves as rudder and balance. Th 
coat consists of long guard hairs that mat 
into a “diving suit,” and soft, shorter inne 
Flaps behind the strong, orange-colored in 
effectively exclude water during cutting operat 
under water. Nostrils are furnished with val 
and beavers can retain and conserve oxvgen e1 
to remain submerged for reported periods 0} 
minutes or more. The ears also are equipped 


“valves.” These all are obvious adaptatior 


water life. There may be subtler factors of n 
olism, body temperature control, ability to rec 
vibrations under water, and underwater vist 
which there is insufficient knowledge. 

There is neither need nor space here for det 
physical description or thorough discussion « 
history and habits. On these phases of beave: 
Morgan, Seton, Mills, Bailey, Warren, Gru 
and others provide most of the known facts. 
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sonal observations and deductions, and accepta! 
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| prising quantity. On many occasions, especially in 
late fall and early spring, when water is partly open, 

Siresh refuse of herbaceous foods has been found 

@ Unce, at midday in early winter, two beavers were 
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TABLE 1 
CoLLEcTED DATA ON POPULATIONS, HARVESTS, REVENUES, TRAPPING METHODs, PELAGE 
= = : — ———— = 
1946 . : ‘ ; ‘ ? 
‘ = Popula- 1946 Gross State Method of Do Black Pelts Do Albino 
ren ¥ Harvest Value Proceeds lrapping Occur ? Pelts Occur 
Elif rnia 25,000 400 |$ 4,800 None Damage permits, No N 
) licensed trappers 
C lorado 40,000 8,640 | $ 272,323 4 private, State trappers 1—1,000 “One since 1941” 
all public 1 in 50,000) 
Iiah ) 42,500 7,192 $ 144,147 $45,140 State and Frequent in Ne 
; farmer trappers No. Idaho 
Indiana 5,000 None None None None No No 
Maine 30,000 4,658 | $ 130,000 $ 9,316 Licensed trappers No No 
oe Michigan 50,000-| 9,859 | $ 394,360 No Licensed trappers 11,000 Not 
l] 100,000 figure definitely 
known 
Minnesota 40,000- 8,283 $ 172,935 $1 per Permittees, 11 Occasionally Yes, rarely 
Vn pelt censed trappe rs 
fontana No 10,200 | $ 255,000 No Permittees 1-200 Very rarely 
figure figure 
rast New York 6,358 5,567! | “$1 per sq. None Licensed trappers No records No records 
lat inch” very dark indi- 
viduals occur 
Oregon 30,000 3,005 $ 141,940 All State trappers 1-30 2-3,000 
289 None None Indians 
Utah No 3,000 Unknown No Permittees N Ni 
figure (est.) data 
Washington 100,000 5,248 | $ 162,000 All State trappers 10% No 
Wisconsin No 15,280 $ 702,880 No Licensed trappers 1—1,000 None 
figure data recorded 
Wyoming No 10,761 $1,188,925 $ 9,457 State trappers, 5—1,000 No 
figure permittees 
secondhand information concerning beaver “en- under observation for more than an hour as they 
gineering’ and other works, accruing through ten repeatedly dived, cut pond-lily stems, and brought 
years in Rocky Mountain National Park, Colorado, them out onto the edge of the ice to feed. The upper 
largely compose the remainder of this article, stems and fragmentary leaves were not used. In 
cidentally, these animals almost invariably folded 
Foop being of first importance, some observa-_ the tail under and sat upon it during periods of 
tions on feeding are apropos. Generally, summer as much as five minutes on the ice between dives 
diet includes much more herbaceous material than Aspen and, in lower elevations, cottonwood are 
that of winter. However, considerable cutting and staple food trees in the Rockies. In high-altitude 
some consumption of woody plants, even trees of valleys where aspen is scarce or extirpated, willow 
some size, take place in summer. It is known that is used almost exclusively. Everywhere, willow is 
ithe rapid growth of incisors in rodents generally consumed regularly even if cottonwood or aspen 
requires that a certain amount of gnawing be done is abundant. In summer it commonly is used as a 
sto keep a balance of wear and growth. Likewise, convenient browse, taken most often from stems 
jin winter, when bark and tender wood are favored growing at the water’s edge. Cutting of aspen and 
g Staples, rhizomes and fleshy roots of plants growing cottonwood, involving more time on land, is at a 
pin frost-free soil or pond muds are eaten in sur- minimum during the summer, perhaps because 


of greater predator activity. 
There are few species of woody plants growing 
near beaver-inhabited waters which used 


are not 


at some time. Cutting of species of alder, birch 
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CLEARED PATHWAY FOR TRANSPORTING BRUSH AND POLES FROM AN ASPEN GR‘ 
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THE BEAVER’S TAIL IS FUNCTIONAL 
FLAT, AND NEARLY HAIRLESS, THE TAIL IS USED AS A BAL- 
ANCE AND RUDDER IN SWIMMING, AS A PROP WHILE CUT- 
ING TREES, AND FOR THUMPING THE GROUND OR SPLASHING 
WATER, PRESUMABLY AS A SIGNAL. 





: 
imaple, serviceberry, Cornus, Sorbus, and Prunus 
has been observed. Cutting or gnawing also has 
been found on all conifers native to the central 
Rockies. Use of less-preferred hardwoods and 
conifers is not necessarily from hardship. Oiten 
they are taken while cottonwood, aspen, or willow 
js still readily available. Such feeding has been 
described as tonic, parturient, or connected with 
fertility. Seasonal occurrence of use does not satis- 
factorily bear out these explanations. 

Woody plants are important not only as food, 
but both directly and as by-products of feeding, in 
construction of dams and lodges. These structures 

ontain quantities of mud, rocks, vegetable debris, 
even animal remains, and, in these civilized days, 
tin cans, beer bottles, wire, saddle stirrups, burlap 

ags, roofing paper, and other movable items left 
within reach. The supporting strength and bulk of 
most structures, however, are provided by poles, 

redominantly 1-5 inches in diameter and 3-6 
Feet long. 

In. initial construction, a dam contains many 
poles with bark on, cut and transported exclusively, 
for almost so, for this use. Much fine brush also is 
used at this stage. Later repairs and gradual in- 
crements are likely to be made with poles peeled 
during the preceding winter. 

} In late summer or early autumn, the male of the 
Bamily or his successor ends his summer wander- 
ng. The colony starts preparation against the 
azards of winter. Dams weakened by summer 
Bloods, ignored while constant flow provided stable 
water depth, now receive attention. New mud is 
added to the outer walls of the lodge. Winter tem- 
eratures change this to the consistency of concrete, 
roviding additional structural strength and mak- 
Ong it difficult for land predators to dig into the 
Bodge. 

) In the vicinity of the home pond, great numbers 
B4ugust 1948 












of trees are cut in the energetic harvest. This is 
done with little apphieation of skill beyond patient 
biting and prving of chips with teeth until the tree 
falls. Allowing for wind, balance of crown and 
angle of inclination of the trunk are the only ac 
ceptable controlling factors in the direction of fall 
Many trees entangle with others near by when 
cut, and are useless unless, by chance cutting, the 
supporting tree or trees are felled. Several in 
stances have been discovered of trees with crown 
so tightly enmeshed that when the trunk was com 
pletely severed, it dropped from the stump, re 
maining suspended vertically, responsive to touch 
or wind, as a free-swinging pendulum. 

One instance was encountered where felling of 
a second tree released one previously entangled. 
The former was trimmed of branches, the trunk 
cut into sections and removed. The released tree, 
So much for the 


still fresh, was left untouched. 


fancy that cutting one tree to release another is a 
studied act. The tree was not a total loss, howevet 
Wapiti made short work of most of the bark and 
twigs of the neglected tree. 

It is common to find cuts of varying depth and 
height on a tree, as if beavers of different size had 
worked each at its own level in a race to cut it; 01 
as if a single beaver had sample-cut at various 
levels until the most comfortable and efficient work 
ing position was attained. Trees with half a dozen 
or more “trial cuts” are not unusual. Winter cut 
ting above deep snow leaves tall stumps, some as 
high as 6 feet. 

Perhaps the beaver’s reputed poor vision ex 
plains this action. One autumn, I discovered a 5 
inch aspen stump about 3 feet high, cut during the 
preceding winter. Shortly before this observation, 
a beaver had almost severed it at a lower level be 
fore abandoning the job or discovering that this 


_ 


was a stump with only about two feet of trunk as 


\ BEAVER DAM 


DEBRIS REMOVED FROM 











TREE SPIRALLY WRAPPED WITH WIRE 
BEAVERS CHANNELED OUT BARK AND SAPWOOD BETWEEN THE 
LOOPS OF WIRE SEVERAL FEET ABOVE THE GROUND. 


reward for effort that as well could have cut an 
entire tree. 

Cutting on hard deadwood, as suggested earlier, 
probably is done to condition the teeth, and could 
be called “exercise cutting.” It has been observed 
where no other apparent purpose could be served, 
unless there is nutritive or medicinal value in such 
wood. Pitch-hardened fence posts have been cut 
at the base, although they were no obstruction or 
hindrance to work under way. In one case, such a 
post was cut at three places, below and between 
three strands of wire, so that three fragments 
dangled independently, each suspended by a staple. 
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This reflects persistence difficult to eX} 
that at least the top cut must have been m 
time earlier or later than the others, whe 
was deep enough for access to that level. 

Paul Nesbit, of Estes Park, Colorado, ha 
graphed an unusual example of cutting. To 
a valued tree, the owner wrapped hea, 
spirally around the lower three or four fe 
vers meticulously cut out a spiral channel | 
the twists of wire. 

In the museum at Longs Peak Inn, nea: 
Park, is a small log gnawed into a series of 
“beads” of croquet ball size, “strung” on a1 
core of uncut heartwood. 

Felling is accomplished by beavers singly 
operatively biting into the trunk until the tre 
The cut may encircle the trunk, leaving 
symmetrical stump, or it may be entirely f1 
side, producing a beveled stump. When t! 
is prostrate, branches are cut and consui 
removed for storage or immediate consti 
work. The trunk is cut into sections, usuall) 

4 feet long in trunks averaging 3—5 inches 11 
eter. Because of natural ground slope 
water, transportation is largely downhill 
makes slightly less astounding some of the pt 
and dragging feats of beavers. 

The food storage pile consists of log sect 
poles, branches, and finer brush, adjacent 
lodge. Larger, tender-barked poles predomi 
near the bottom. At the top, brushy tips ext: 
from the surface of the water, where ice grips 1! 
to anchor the pile securely through the winter. The} 
beaver has only to descend by a passageway fr 
the living chambers to the floor of the pond, sv 
to the food pile, cut off a desired portion, and | 
it into the den to be eaten. Uneaten remains a1 
released outside beneath the ice. Toward spring 
raftlike masses of peeled sticks may be seen throug 
the ice, drifted against the dam. 

Materials may be transported, largely by wat 
more than half a mile upstream or downstr 
Overland transportation more than 400 yards | 





been observed. Cleared pathways often ar 
pared. Usually they are well-worn dragpaths {1 
groves that recede from the water’s edge as ct 
ting progresses. Clearing these paths involves s 
things as removing sections of fallen logs, cutt 
trench-shaped troughs across them, or tunnel 
under them ; tunneling through an abandoned dai 
removing or gnawing away exposed roots; cutt 
off projecting snags or brush that overhang 
trude into the pathway ; and excavating an 11 
ramp down a steep bank to the water. 

Water transportation, safer and easier tha 
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s much used in bringing food and construe 
terial to its destination. If | 


1 
na 


ay be dug. The simplest form is a land 


tee 


wwdt +} 
with Lil 


Roots and buried logs are gnawed 


Farth and stones are excavated 


tensive flat land, canals may be several hun 


id harvest 


red feet long. Lateral canals may ext 

ql o nto various parts ot a grove. Dry or watered 
Runnels often connect near-by canals or laterals 
(Canals vary in depth from 3 feet or more to a few 
Snches at the shallow end farthest from the pond. 


They range from about a foot to more than 4 feet 
i! width. Excavated troughs on the pond bottom 
usually connect the canal with food pile, dam, 
Jodge, and through channelways along the stream 
AXIS. 

When rising ground or bedrock conditions stop 
Jandward extension of a canal, it may be carried 
farther afield by excavating at a higher level. This 
jnvolves construction of separate canals connected 
iby portages. More commonly, the canal floor rises 
gradually, and at a point where water becomes too 
ishallow for safety, a cross-dam is installed, acting 
fas a “lock.” Usual objective is a grove of water- 
Hloving species of trees, where the high water table 
iprovides adequate water for the upper level. 
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BEAVER CANAL 





VERAL HUNDRED FEET LONG, WITH A MAXIMUM DEPTH OF 
ABOUT 30 INCHES AND A MAXIMUM WIDTH OF OVER 5 FEET. 


August 1948 
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extension of a natural indentation in the 
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EVENTS REF OM FAI 


PENDULU 


SHED CROWN PR 


TREI 


TIGHTLY ENME 


In Windy Mountai1 
1 noah 


Park, in 1939, there was a dug canal 


I 


Gulch, Rocky 


successively higher cross-dams, connecting a home 


pond with a grove of aspens on the east slope of 
the valley, about 175 feet away. At the erove end, 
beavers had excavated a natural spring to make a 
pond about 15 feet across and more than 2 feet 
deep. A low dam around this pond actually created 
a fifth level to the waterway, just a few inches 
higher than the water impounded behind the upper 


most cross-dam. 
In Mill Creek Valley. 


beavers built an arc-shaped dam around a muddy 


a few miles away, other 
spring that had been an elk wallow. Between this 
developed reservoir and the main stream below 
were canals and small pools created by damming 
the overflow from the higher reservoir. Trees neat 
the upper pool were being cut and transported to 
the home pond, a hundred yards distant, using this 
artificial waterway. In view of these observations, 
into 


stories of beavers diverting stream water 


parallel canals supplying high-level ponds down- 


stream, in much the same way man diverts and im- 
pounds irrigation water, seem reasonable, 
An entire stream course may become in effect 











one extensive system of “lock levels.” On Cub 
Creek, Rocky Mountain National Park, in 1938, 
there were seventy-six impounded levels within 
about two miles, between its junction with the 
Thompson River and its source in Cub Lake. The 
dams ranged from over a thousand feet to only a 
few feet in length, but none was more than 6 feet 
high. Some ponds covered more than an acre, 
others only a few square feet. Almost without ex- 
ception, water behind one dam backed directly 
against the dam above. 

Dams may be quite long, as on Cub Creek, or 
may be 10 feet or more in height on the down- 
stream face. Such massive structures usually are 
the cumulative product of generations of beavers. 
They seldom are begun in water over 2 feet deep, 
especially in swift water. Dams may be constructed 
“from scratch,” with all the material brought in, 
or advantage may be taken of snags, fallen trees, 
and projecting or island boulders. 

The beaver dwelling varies from a simple bank 
burrow with living chamber above water level to 
a complex, several-chambered island lodge which 
may be quite large. One lodge in Cub Creek Val- 
ley, at its prime in 1936, was over 35 feet on its 
longest axis at water level. It stood approximately 
8 feet above the surface in water almost 4 feet deep. 
During a short-wave broadcast from this lodge in 
1939, a radio announcer and I, together weighing 
over 400 pounds, and some forty children averag- 
ing about 60 pounds each, put almost 3,000 pounds 
on it without damage. Incidentally, muskrats 
were living in tunnels in the outer walls, in ap- 
parent mutual tolerance with the beavers. In grass 
on the lodge just above water line was a spotted 
sandpiper’s nest. 

Comment on the complex ecology of the beaver 
environment can receive only passing notice here. 
No valid evidence of beaver eating fish is known 
to me. If such behavior occurs, it is not typical. 
The beaver probably is as nearly a strict vegetarian 
as any mammal. 

Deeper water impounded by beavers normally 
provides richer plankton and other fish food. 
Flanking marshes support increased insect life 
around beaver ponds. Warmer summer water tem- 
peratures and diminished current are detrimental 
to some species and certain activities of fish. How- 
ever, fishermen generally consider active beaver 
colonies an asset on a stream. 

Impoundment of water affects man when roads, 
trails, buildings, wells, and agricultural or grazing 
lands are flooded. However, the beneficial effects of 
beaver-made lakes and ponds upon water table and 
stream flow more than compensate for local damage 
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in ordinary wild lands. Had there not been th 
sands of generations of beavers to construct myri; 
dams to slow channel cutting in several of the mos 
picturesque glacial valleys in Rocky Mountai. \ 
tional Park, unchecked erosive forces long: sing, 
would have reduced them to gullied, impassabj; 
boulder-strewn wastes. 

A colorful account of beaver stubbornness 
maintaining impounded water was related ly ¢; 
late Abner E. Sprague, of Estes Park. It is r. 
peated here from a manuscript : 


I 


In order to build a road to our place in Glacier Bas 
we had to cross a brook, of which the pesky beaver hg 


made a slough. To save labor, I used an old dam as part ¢; 


the roadbed. It was decayed and partly washed out, aba 


doned by the beaver. I made a small bridge for the wate 
to pass through, and constructed a road, about fifty fee 


long, over the miry ground. Shortly after it was dor 


Mr. Beaver found it was a snap to fill under, and at th 
upper end of the bridge, thus forming quite a pond, by 


not enough; so to make a good job they began to bui 
the roadbed higher. 


I fought them for a few summers, tearing out their wor! 


two or three times a week. Finally, with chicken wire ar 


heavy rock, I kept them from filling under the bridge. The 
they built a dam about fifty feet below the road and floode: 


eis 
} 


it again, and again began a dam on the road... . [ ha 
to tear a hole in the lower dam at least two or three tim 
a week to keep the road dry. I sent men down once \ 
tore out and piled up the entire works ; no good—in a we 
the water was over the road again, and in repair work th 
had not used a stick of the old dam. 

What to do but keep on tearing a hole in the dam I cou 
not think until one day I saw along the road a length 


corrugated culvert pipe, left by the National Park road 
men. I borrowed this iron pipe which was about sixteen 


inches in diameter, and fourteen feet long. I dug a ly 


in the dam, and laid the pipe in, making it tight, neither 
the upper or lower end being supported. Enough water ra: 





through so the material they put in would wash through. | | 


visited the dam for a few times, and passed along the roa 


nearly every day. I began to feel proud of myself in out 
witting their chief engineer. But in about a week as I cany 


in sight of the dam, I saw the upper end of the pipe, hig 
and dry, aimed about forty degrees above the horizon an 


the road covered with water. They must have sent an 0! 
fat Beaver or two to sit on the lower end and tip it u 
while the workmen stuffed sticks, moss, and mud under the 
upper end to hold it up. We gave the pipe a bearing th 


entire length, except about three feet that stuck out int 

the pond, so they would not build a dam around the end 
.... 1 thought we had them stumped, but not for lon 

One day in passing, the road was covered with water, a 


the pipe was jammed full, not a drop of water going 
through. How did they do it? I found out in about a 
hour’s work cleaning it out. Either by accident or desig: 
they had cut a small sprangly lodgepole pine and draw 


it into the pipe butt end first; the spring of the limbs ho! 
ing it in place, they had a foundation. The rest was eas! 


If the pine was an accident the first time, it was not aiter 


that, for that pipe had to be cleared every day, and alwa) 
one little pine tree was used. 


Mr. Sprague’s experience truly presents beavers 
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BEAVER TRACKS IN SNOW, SHOWING COYOTE TRACKS CROSSING AT Cl 





CONICAL MUD HEAPS ON ROCKS IN BEAVER POND, ROCKY MOUNTAIN NATIONAIT PARK 
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as ingenious fanatics about loss of water. An un- 
fortunate incident resulted from this propensity 
some years ago in Rocky Mountain National Park. 
A beaver colony flooded private land, requiring re- 
moval of the offenders. In urgent cases, the animals 
are live-trapped for transplanting. On this occa- 
sion, a section of dam was removed. A Bailey trap 
was placed in the opening so a beaver would enter 
it in placing sticks in the dam. This worked per- 
fectly—except that after one beaver was trapped, 
others repaired the dam in such a way that the cage 
was completely submerged. The imprisoned beaver 
drowned, victim of the well-meaning labors of its 
co-workers. 

Seavers make careful preparation against the 
necessity of going about in winter, but there is 
some activity outside at that time. One has but to 
make frequent winter visits to colonies to find 
where beavers have emerged from the home pond. 
This usually is done at or near the spillway, where 
lowered water level may allow egress, or where 
thinner ice may be broken through by pushing with 
head and back. On one occasion in early winter, 
an almost perfectly round hole some 14 inches 
across, and about 2 feet upstream from the dam, 
was found in ice more than 2 inches thick. There 
were freshly peeled sticks upon the ice beside the 
opening, where a beaver had sat to feed. How such 
a perfectly round hole was made is puzzling. The 
fact that it was maintained through 2-inch ice by 
regular use reflects the reluctance of beavers to re- 
tire for the winter to the confines of the lodge and 
underwater environs. 

Even in deep snow, beavers occasionally flounder 
about, cutting and eating small trees and shrubs, 
even while there is a superabundance of food in 
the home pile, much of which may be abandoned 
unused in the spring. Tracking has shown that 
winter travels occasionally cover some distance. 
Longer trails more often have been observed along 
pondless stretches of streams, suggesting that 
wider-ranging travel is more common among lone 
males which frequently live in banks of deeper 
holes and are less provident in storing food near 
the home den. Fred M. Packard in “Beaver Killed 
by Coyotes” (J. of Mammal. 21, 359, 1940) de- 
scribes a case of winter predation upon a vagrant 
beaver, reconstructed from evidences examined by 
Packard and Gregg. 

In the autumn of 1936, some unusual work was 
observed on Cub Creek. Ina roughly circular pond, 
about 35 feet across, twelve to fifteen boulders rose 
slightly above the surface. Upon most of these 
rocks, and at points along the banks, were conical 
heaps of mud, small sticks, and trash, They aver- 
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aged 20 inches in base diameter and 12-14 ; 
in height. One heap, apparently four separate 
fused into one, was nearly 2 feet high, and 
4 feet on the longest base line. 

The normal “sign heap” is a flat, “‘slicke: 
mass of mud almost devoid of sticks and d 
upon which excretion of the castoreum gla 
spread, presumably as an olfactory advertiseine 
associated with mating. Usually it is in shal 
water or upon the adjacent bank, round to ova! 
outline, and about a foot in diameter. One on F 
River in Rocky Mountain National Park, about }. 
by 20 inches, was unusually large. 

The Cub Creek heaps may have been me 
excavated material, fortuitously disposed in 1 
similar lots. This seems improbable, in the light | 


extensive examinations of beaver colonies witli 
discovery of such heaps elsewhere, although inn 
merable instances of disposal of debris have he: 
observed. The 
explanation of these heaps, justifying suspicion t! 
this was an abnormal manifestation of the repr 
ductive pattern. 

Compared with the phenomenal fecundity 
some lesser rodents, the reproductive rate of 
beaver is low. Its adequacy, however, is attested | 
cited figures of current populations and harvests 

Young are born in the spring, usually two o: 
three in young females; as many as six in prim 
maturity. The presence of four developed mamma: 
suggests this as near the number of the averag 
litter, a presumption supported by observations ai 
review of the literature. 

The young of the previous year normally remai 
in the lodge, largely self-sufficient, through t! 
summer of their second year. They live compatih 
with the mother and offspring of the current yeai 


“sion heap” is the most logi 
dD 


The male either leaves or is expelled from thi: 


company and spends a presumably pleasant sun 
mer as a vagrant, free of domestic responsibilities 
This relationship better supports the now general! 
accepted belief that the species is polygamous tha: 


the earlier concept that beavers are strictly monog- 


amous. In any event, it has its points for the mali 
of the kind and, more important, it seems to hav 
succeeded for beavers. 

A magnet of wealth that was important in dra\ 
ing westward the vanguard of a growing nation ; 
creature wondrous in way of life; at once a bent 


factor and a nuisance in its stubborn hoarding 0’ 
water; accepted friend of the fisherman; land 


17 


builder and counteragent against erosion; an | 
domitable race that has defied extinction to becom 


an important economic asset today—the beave! 


well deserves to be called the magnificent rodent 
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| Dr. Oliver (Ph.D., Wisconsin, 1917) 
' science and technology in the Unit 
at the University of Pittsburgh. He 
; tortcal Staff writing the History of 
was formerly director of two 





ENATOR JOHN C. CaLnoun, of South Caro- 
lina, greatest philosopher-statesman of his 
time, declared late in the year 1841: “We 

ave, Senators, reached a remarkable point in the 

Srogress of our civilization, and the mechanical and 

‘hemical arts, which will require a great change 

$n the policy of our civilized nation.” 

Senator Calhoun was merely echoing what many 
bi his contemporaries were saying during the open- 
Gng years of that decade. The scientific interests 
ff the young nation were beginning to stir. A whole 

Fost of scientists, inventors, and engineers had for 

Wears been laying the foundation for a scientific 

fwakening. Not only had they been pleading for 

Detter understanding of science, but, more signifi- 

‘cant, they were, a century ago this decade, pointing 

%o the great possibilities that lay ahead. 

There was abundant reason for this optimism. A 
rief roll call of some of the nation’s top scientists 
‘and of a few major inventions of that period may 
he of interest as we now consider the background 
doi the organization of the AAAS, on September 20 
one hundred years ago. 

Charles Goodyear had just recently announced 

his success in vulcanizing rubber—an invention that 

franks among the greatest in the history of Ameri- 
¥can technology. Cyrus McCormick’s reapers were 
put on the market in 1840, and he sold them that 

Wyear for $50 each. Four years later, he had raised 

Whe price to $100—and sold fifty-two reapers. 

}Farmers and agricultural inventors were beginning 

to think and plan in terms of machinery rather 

han hand tools. 




























1840 


The most significant event of the year 1840 was 
he founding of the National Institute. Its object, 
s announced by Joel R. Poinsett, one of its found- 
fers, was “to promote science and the Useful arts.” 
Wits plan of organization was so comprehensive and 
so well thought out that it served as a model for 
he organization of the Smithsonian Institution 
ix years later. In the beginning the idea was to 
ave the National Institute take over the Smith- 
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tune hailed as a creat improvement over 





whose 
ted St ates, is 
is chairman of the 

Research 
Army 


organized 


A SIGNIFICANT DECADE IN SCIENCE 


JOHN W. OLIVER 


Special field is the history of applied 
head of the Department of History 

Advisory Board for the His- 

and Development for the Navy and 


historical research projects 

son bequest and administer it for scientific work. 
Its officers included many prominent government 
congressmen, and sen 


‘The P: 


Secretary of 


officials—cabinet members, 
President Van Buren became ‘ tron 
Joel R. Poinsett, War, 
Was its president from 1840 to 1845. Several bills 
were introduced i 


National riety 


ators. 
ae offi tO 


1 Congress aimed at having the 
ae over the recently acquired 


Smithson bequest. But Congress would not go 
along, and, after four years of fruitless effort, the 


National Institute went out of existence. But it 
had served a useful purpose: it had awakened 

interest in John Quincy Adams said he 
could anticipate no happier close to his public life 


science, 


“than to contribute by my voice and vote in sustain- 
ing the National Institute, devoted as it is to the 
cause of 

Other important scientific developments during 


science.” 


the year 1840 included an announcement by Pro 
fessor John W. Draper, of New York City Univer- 
sity, that he had achieved first real success in taking 
an excellent photograph of his sister. Also, the first 
furnace in the United States using the hot-blast 
method 
went into operation that year. It was set up in the 
Lehigh Valley and remained in blast until the 
flooded Schuylkill River quenched its fires in 1841. 
In 1841, Douglas Houghton issued his first topo- 
graphical report of the Lake Superior region, thus 
informing the outside world of the importance of 
the copper deposits in that territory. 


1843 

A major scientific event of the year 1843 was 
the survey James Pollard Espy—a distinguished 
mathematician and meteorologist, known as “The 
Storm King’’—made in laying the groundwork 
for a National Weather Bureau. Winner of the 
Magellan Prize, awarded by the American Philo- 
sophical Society, Espy had been invited to ad- 
dress the British Association for the Advancement 
of Science in 1840. He was later appointed meteor- 
ologist by both the U.S. Army and Navy. He 
established a series of daily weather observations, 


smelting iron ore with anthracite coal 
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plans for establishine the Institution. 








compiled weather maps, traced the progress of 


storms, and, in 1843, submitted the first Annual 
Weather Report in this country. 


1844 


The year 1844 witnessed a number of important 
scientific developments. This was the year that 
S. F. B. Morse finally succeeded, after a long series 
of experiments, and with the aid of Federal money, 
in setting up his telegraph line from Baltimore to 
Washington, and ticked out the historic words 
“What hath God wrought.” 

The same year, Alvan G. Clark and Sons 
ventured into the business of manufacturing. tel- 
escopes. During the year that followed, the com- 
pany was asked five different times by the Navy 
Department to grind “a telescope lens more power- 
ful than any in existence.” The company soon be- 
came known as the most expert lens grinder in the 
world, and orders came in from all parts of the 
globe. 

The most significant scientific event in 1844 was 
the holding of America’s first scientific congress, 
called by the National Institute. Several attempts 
had been made prior to 1844 to organize scientific 
congresses on the plan of the British Association for 
the Advancement of Science, but without success. 
Finally, the National Institute decided to attempt 
a meeting in Washington on a nation-wide scale. 
The date was set for the first week in April 1844. 
Invitations were sent out to members of the Amer- 
ican Philosophical Society, the Association of 
American Geologists and Naturalists, and all other 
scientific and learned societies. More than one 
hundred persons were invited to prepare and read 
papers. 

On April 1, 1844, at ten o'clock, the members 
and guests of the National Institute, led by Presi- 
dent John Tyler and accompanied by the National 
Marine Band, formed in procession and marched 
to the Presbyterian Church on 44% Street. After 
the opening prayer, President Tyler spoke, calling 
attention to the fact that this was the first general 
scientific meeting of men from all parts of the 
United States. 

President Tyler was followed by the Honor- 
able Robert J. Walker, United States Senator 
from Mississippi. In his keynote address, Senator 
Walker paid grateful tribute to “the untiring vota- 
ries of science.” “The greatness of our nation,” he 
continued, “depended upon the advances it made in 
the field of science. Science, by subjecting nature 
to the wants of mankind had enlarged our knowl- 
edge and provided man with increased comforts.” 
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Senator Walker demonstrated a_ thor: 
quaintance with the accomplishments of A) ie 
men of science. He reviewed in detail the 
Jenjamin Franklin in the field of electri 
Joseph Henry and his current experime: 
in electricity, especially in electromagnet 
Robert Hare on the calorimeter and the ¢ 
battery ; of Professor John W. Draper ; of S 
Morse on the telegraph ; of Dr. Alexander D 
in his extensive magnetic observations; of 


1 


Saxton in providing for a continuous curr 
Thomas Godfrey in making the mariner’s q 
of practical use ; of Professor James Espy in met 
ology ; and others. Walker concluded with 
ring appeal to all scientists, urging them t 
their efforts in making “this country the 
and freest nation of the world.” 

The meeting lasted from April 1 to April 8 


~ 


clusive. There were ten sessions, during 
papers on astronomy, geology, natural hist 
physics, chemistry, meteorology, paleontology 


tomology, pharmacology, physiology, and 1 


subjects were presented and discussed. ] 
Quincy Adams, ex-President and at that ti 


member of Congress, presided over the closing se: 


sion. He announced that he was proud to hay 
a member of this First National Congress of 
entists, and offered his apology for not having | 


present at all the sessions, owing to his prese: 


being required at the Capitol. 
Too little credit has been given to this 
scientific congress, for it marked a distinct mil 


in our history of science. Here was a group of 1 
eager to unite the scientific forces of the youn 
nation through the diffusion of scientific kno 


edge. This effort stands as “a landmark in 


scientific and cultural history of the United States 


1845 


The year 1845 witnessed a number of develo; 


ments that might be briefly noted. First, this v 


marked the beginning of the Scientific America 
one of the notable scientific periodicals in Americ: 


historiography. 


In February of that year, the Commissioner 


Public Buildings in Washington was direct: 
Congress to negotiate a contract for lighting 
Capitol with gas, provided it could be done 


expenditure of not more than one half the cost | 


lighting the building with oil. 

A definite advance in road building occurred 
same year, namely, the construction of plank 1 
A plank road fourteen miles in length was 
from Syracuse, New York, to Oneida Lake. 
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| was hailed as a great improvement over 
rt and corduroy roads. 

same year, Stephan Fitch introduced a 
ice for directing several tools successively 
i piece of wood (later iron), thereby in 
the turret lathe. 
development in machine tools since the 


IS 


This was hailed as the 


rest, With the turret lathe began the series 
sutomaties,” in which tool after tool mechani- 
fally comes into play. From the turret lathe came 
machine, and the 


ce ee 


Hhe modern automatic-screw 
typically American grinding machine. 

For the boot and shoe industry the “rolling 
machine,” invented in 1845, proved of great benefit. 


Jt soon took the place of the lapstone and hammer, 
ised in pounding and toughening leather. This, 
together with the coming of the Howe sewing 
machine the following vear, marked a great advance 
jn leather technology. 


1846 


This was a momentous year in our nation’s 
history. So many and so important were the hap- 
penings that Bernard DeVoto has devoted a whole 
book of some 540 pages to recording and interpret- 
ing them. He entitled it The Year of Decision 
(Boston: Little, Brown, 1943). DeVoto 
mainly with national and geographic expansion, 


deals 


but a similar volume could be written dealing with 
the scientific, engineering, and technolog:cal ad- 
Vances, 

Congressman Cathcart, of Indiana, was moved, 
as several of his colleagues were, to ponder upon 
the rapid pace with which the nation was advancing. 
Addressing his fellow-congressmen, in February 
1846, he reminded them that 

An omniscient God has given to man control of the ele- 
ments [referring to the telegraph], the effect of which is 
to bring the remotest parts of our vast country into prac- 
tical propinquity. The iron horse, the steam car, with wings 
of wind, his nostrils distended with flame, salamander like, 
vomiting fire and smoke, trembling with power, .. . flies 
irom one end of the continent to the other with less time 
than our ancestry required to visit a neighboring city. . 
Truly it may be said, that with the social influence of these 
two great inventions [the telegraph and the railroad], all 
ithe people of our continent may be moulded into one mind 
| The greatest scientific event of this year, how 
sever, was the final establishment of the Smithsonian 
pnstitution. On August 10, 1846, President Polk 
psigned the bill which, twenty years after James 
Smithson had written his will, brought into ex 


pstence one of the greatest scientific organizations 


min history. 
"he Board of Regents held its first meeting in 


s©eptember 1846. Within a year, the Regents had 
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organized plans for establishing the Institution 


\fter drafting plans for the building that was to 
be erected, they elected Professor Joseph Henry, of 


Princeton, as the Smithsonian's first secretary 


] 


No better choice could have been made. For thirty 


2 ean P ] wae 1 
two vears, until his deat] IS/8, Joseph Henry 
] } , 
planned and directed the work of the Smithsonian 
Institution, firmly establishing it as one of. the 


world’s greatest scientific institutions 


Phis is also the vear that marked the appearance 
otf Howe's sewing machine. For vears he (and 
others) had been working on a machine that would 


1] +] 
needie Wilh 


eve-pointed the shuttle, 


combine the 
intermittent feed for 
material forward as eacl 


for forming a stitch, and the 


carrying the stitch was 


g the cloth consisted 


formed. The device for feeding the 
of a thin strip of metal, provided with a row of pins 
on the edge, upon which the material to be sewed 
Was carried in a vertical position. These, plus a few 
later improvements, gave Elias Howe a machine 
that sewed perfectly, at the rate of 250 stitches a 
minute—seven times faster than by hand. Such a 
machine was needed to keep pace with the rapid 
output of cloth that was being produced in this 
period, 

[t should be 


1846 was also the vear 


Rodolph 


noted that 
when the great Jean \gassiz 


“a land 


where Nature was rich, but tools and workmen 


Louis 
arrived in the United States. He came to 


few, and tradition none.” With his arrival, Amer 
ican natural history had found its leader. The fol 
lowing year, the Federal government supplied 


him with a Coast Survey steamer, and he set out 


upon a series of explorations that was destined to 


bring honor, not only to himself, but to the nation. 


1847 
The year 1847 marked a turning point in scien 
The Shefheld 
which claims to have been the first 


tific education, Scientific School, 
to introduce 
courses in geology, paleontology, and physiological 
chemistry, and the first to establish an agricultural 
experimental station, was founded in 1847. 

In June 1847, Abbott Lawrence gave $50,000 
to Harvard College to be used to encourage the 
teaching of science, mechanics, chemistry, and en 
gineering. This marked the beginning of the Law 
rence Scientific School. 

This same year witnessed a revolutionary speed- 
Press set a 


up in printing. The Hoe Lightning 


record by turning out 2,000 small newspapers per 


hour, an improvement over the nearest rival, the 


revolutionary cylinder press, which could print 


only 1,000 papers per hour. 








This was also the year that Cyrus McCormick 
moved to Chicago, built a three-story brick build- 
ing, equipped it with six forges, employed thirty- 
three men, and turned out 500 reapers. The follow- 
ing year, he produced 1,500 reapers. Mechanized 
farm labor had definitely arrived. 


1848 


The year 1848 was a memorable one in Amer- 
ican history. The war with Mexico was drawing 
to a close; the United States had acquired the 
second largest amount of territory ever added to 
the national domain; and the discovery of gold in 
California set off the greatest migration in the 
nation’s history. The revolut.ons of 1848 in Eu- 
rope drove thousands of liberal-minded men out of 
their native land, and many of them sought shelter 
in the “Land of Free.”’ 

That keen French observer De Tocqueville had 
recently noted: 

If their democratic principle [speaking of America] 
does not on the one hand induce men to cultivate science 
for its own sake, on the other it does enormously increase 
the number of those who do cultivate it. Permanent 
inequality of conditions leads men to confine themselves to 





the arrogant and sterile research of abstract trutl 
the social conditions and institutions of democr 
pare them to seek the immediate and useful 
results of the sciences. The tendency is natural 
evitable. 

In June 1848, the distinguished educator 
Mann uttered his famous eulogy on the s 
and technologic advance which our peoy 
made, declaring that 
caloric energy, gravitation, expansibility, compr« 
electricity, chemical affinities and repulsions, spo1 
velocities—these are the mighty agents which 


tellect of man harnesses to the car of improveme: 


application of water, and wind, and steam, to t 
pulsion of machinery, and to the transportation 
and merchandise from place to place, has ad 


thousand fold to the actual products of our indust1 


God, instead of giving us a telescopic and microsc: 
has given us the power to invent the telescope 
microscope. Instead of 10,000 fingers, He has g 


genius to invent the power loom and the printing 


Without a cultivated intellect, man is among the 


of all the dynamic forces of nature; with a cultu 


tellect, he commands them all. 


Indeed, the time was ripe and the groundy 
well laid for such an organization as the Ame1 


Association for the Advancement of Science. 


0rd * ie 


AT THE MUSEUM 


This is the past I crown. Within these halls 
The devious currents that have borne me here 
Repose. Here are the stars, and here the earth, 
Rock, fruit, and beast; and of all lore the first, 
Here, in their art and science, lies revealed 

The outreach of ten thousand years of men 
Struggling, as I, to grasp the nascent truth 
Behind the wonder of the world they knew. 


These are my fellows, and the urge is strong 
To linger here and learn what each has done. 
But such were dalliance, with so little known 
And so much yet to probe; I must persist 

In my own search, nor let their monuments 

Beguile me from the work I have to do. 


CLARENCE R. WYLIE JR. 
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THE DOCTRINE OF AHIMSA AND CATTLE 
BREEDING IN INDIA 


BURCH H. SCHNEIDER 


Professor Schn ‘ider Phd Fi. Cor nell, ] 3 | r 
was a representative of the Harvard Miss 
Allahabad Agricultural Institute for 1 


N EXAMINING the effect of the doctrine of 
ahimsa on cattle breeding in India, one must 
first understand its significance. This part of 
ndu philosophy prohibits the killing of any 


Hi 


animal life. It has far-reaching consequences: it 
has greatly affected the political policies of Indian 
nationalists and it is the basis of the nonviolence 
movement, or Satyagraha. When Gandhi was taken 
to prison in 1942, his last instructions to his 
followers were: “Do everything possible under 


ahimsa. . .” His assassination may be interpreted 
as a revolt against this ancient doctrine, which he 
practiced and advocated. A group of Hindus wanted 
to fight the Mohammedans, but the Mahatma, who 
proclaimed a/umsa, stood in the way. 

The doctrine has its roots in the belief in rein 
carnation. The orthodox Hindu abhors the idea of 
killing an animal because he believes it might have 
the soul of a man from a previous incarnation, The 
taboo applies most strongly to cattle and to certain 
other species of animals. The modern Hindu points 
out that the early lawgivers provided protection 
for cattle and gave the rule religious significance 
in order to preserve this essential draft animal. 
The farmers of India are dependent on their oxen 
for plowing and all motive power in cultivation. 
It is reasoned that the ancient wise men thought 
that in times of drought and famine a flesh-eating 
people might kill all their cattle for food; then 
when the rains came again they would have no 
oxen to cultivate their fields. 

Whatever the origin of the doctrine of ahimsa, it 
must be taken into consideration in any plan for 
general livestock improvement in India. There are 
lew countries in which the lives of the people are 
so closely associated with their cattle. Approxi- 
mately one third of the cattle of the world are in 
India, and, in many sections of that densely popu 
lated country, the number of cattle closely approxi 
mates the human population. These humped Brah 
man, or Zebu, cattle have been imported in large 
numbers into the Western Hemisphere, and they 
are rapidly increasing in almost all tropical and 
semitropical climates because of their ability to 
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five ye 
bandry at West Vira 


whose special mterest is animal nutrition 

ton in Albania {/—2 He vas 

irs, and is now professor of anima is 
nia ¢ ersit 


survive, and even thrive, under difficult enviro1 
mental conditions to which other breeds succumb 
Western observers have been outspoken in their 
condemnation of the doctrine of a/imesa and its et 
world au 


he had 


refused a position in India because he understood 


fect on cattle breeding in India. One 


thority on livestock breeding told me that 


that the people would not kill their inferior animals 
he do little 


and it would be useless for him to go there 


Thus, he concluded, could profes 
sionally, 
ven among leading Hindus, one can recognize a 
note of hopelessness with regard to cattle improve 
ment. Although they may be committed to the 

of 
heir background of education in Western practices 
thei 


doctrine not killing cattle, nevertheless with 
t 
in amimal husbandry, they cannot conceal 
that the of 


cattle in a Hindu society is impossible. | have com 


conviction task breeding improved 
across this attitude on many occasions in conver 
sation with employees on government cattle farms, 
all 


interested in cattle improvement, but unconvinced 


large landholders, and rulers of native states 


that it is actually possible under India’s sociore 
ligious system. 

[ have been tempted to concur in the outspoken 
opinion of some other Westerners that the best way 
to breed improved cattle in India might well be to 
slaughter all of the poorest animals. Nevertheless, 
before one has lived many years in close harmony 
that it wi 


with Hindu cattie breeders, he realizes 


not be possible in our generation to begin cattle 


improvement in India by wholesale slaughter, o1 
even by killing a limited number of the worst 
specimens. Contact with the Occident may bring 
greater “enlightenment,” but one need not hope to 


see a willingness to kill excess inferior cattle in the 
near future. 


The handicaps of the ahimsa philosophy 
evident. The possible advantages have never been 


are very 


pointed out. Breeders everywhere must consider 


@ climate, the 


the adaptability of their livestock to t 
feeding stuffs available, and the suitability of the 
animals for the purposes for which they are in 
tended. Also, they must consider the habits, socia 








INDIAN ZEBU, OR 


customs, and economic conditions of the people for 
and by whom the animals are bred. 

In India, cattle are bred for draft and for milk pro- 
duction. There has been no need to improve their 
beef qualities, since a large proportion of the popu- 
lation eat no beef. Hindus, Sikhs, Jains, and Parsis 
(Zoroastrians), which together compose two 
thirds of the population of India, all respect the 
doctrine of ahimsa. 

Some of the finest draft cattle in the world are 
to be found in India. It is evident that selection 
for draft type has been highly successful. To raise 
the general average of draft cattle, it has appeared 
to be necessary only to breed the small, less de- 





HUMPED CATTLE 


sirable cattle of some sections to the more di 


improved types found in other parts of the count: 


The breeding of better cattle in any case n 
of course, be accompanied by unproved fee 
and management practices in those areas 
have previously had inferior cattle. Provisio: 
good feeding is one of the imperatives of the | 


stock industry in India. The improved cat 


should be well fed even though the others 
denied enough to eat. 

Indian cattle show less improvement in d 
qualities than in draft type. The average nulk pr 
duction of Indian cows has been estimated at 6 
pounds per year. Milk is of the greatest importa: 


INDIAN OXCART 
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ZEBU, OR HUMPED OXEN 


HESE CATTLE ARE THE ONLY PRACTICAL SOURCE OF FARM 
POWER FOR INDIA’S SMALL FIELDS. HEAVY DRAFT HORSES 
ARE UNABLE TO WORK IN THE EXTREMI TROPICAI HEAT 
hecause of the doctrine of alimsa. Since meat 


eating is forbidden, milk becomes the only common 
food of animal origin that the religion of more than 
200 million people permits them to eat. Further- 
more, Indian people are very fond of dairy prod 
ucts of all kinds, of which they have several un 
known to Americans. It is generally recognized 
that the proteins of animal origin average highe1 
in biological value, and that such foods contain 
more minerals, particularly calectum and phos- 
phorus, than most foods of plant origin. There are 
other dietary advantages of a mixed diet from both 
plant and animal sources that emphasize further 
the great importance of breeding for higher milk 





AN ONGOLE, OR “NELLORE,” HEIFER 
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production wherever milk is the only animal 
1 isumed by great masses e p 


e 1 
product Con 
lation. 


+ 


lhe greatest object 1) to the aocti 


sais found in the excessive numbers of cattle 


permitted to live and 


compete with other anin 
and with man for the fruits of the land. It is su 
prising to note the congestion of animal and bird 
life of all species in some sections of India, whicl 
are among the most densely populated parts ot 
the earth. Throughout all seasons of the year, 
neither man nor beast is able to obtain an adequate 
food supply. For those engaged in cattle breeding 
as a business, it is obvious that the excessive nun 

bers of cattle tend to decrease their value, and the 
attendant shortage of cattle feed increases its price, 
These two factors make commercial dairying a 
difficult enterprise unless high-quality milk is sold 


at high prices in urban areas to Europeans or to 





ONE OF 


INDIA’S FINE EREEDS 


GIR BULL, 


Indians. The millions of inferior and 


well-to-do 
unproductive cattle that must be fed constitute a 
huge economic drain on the country. 

Under present economic conditions in India few 
cattle owners have the means to purchase fence o1 
to employ herdsmen to keep their cattle 
separate from other, inferior cattle. [In 
countries, also, where public grazing grounds were 
formerly the rule, general improvement of cattl 
was not begun until laws were passed requiring in 


(Mar 


countries having no taboos restricting the slaug!] 


dividual owners to fence in their livestock, 


ter of cattle have fully as poor animals as [1 
lia.) It 


all cattle in an Indian village to graze 


religious law, {or 


togethe 


is the custom, but not 


Poor COWS, good COWS, calves ot all ages, SCruD 
bulls, and government-approved bulls are all in 


the same herd. Fencing cattle is not as feasible in 


India as in some other countries, because each 
wwner often has only two or three animals. 
SY 














MATAPALUT, WITH “SIND QUEEN” 
FOREMAN, ALLAHABAD AGRICULTURAL INSTITUTE. A MEM- 
BER OF THE PANCHAYAT (COUNCIL OF J) MEN) OF THE 
AHIR (“CATTLEMEN’’) CASTE IN THE TRANS-JUMMA REGION. 
Fencing materials are expensive, and the relative 
cost per animal would be exorbitant for the poor 
peasant. 

Any attempt to improve livestock must have the 
full cooperation of the entire village. Education 
and confidence are necessary. When public senti- 
ment swings in favor of any reform, pressure may 
be brought to bear on backward individuals in 
India as effectively as in any other country. It is 
not necessarily inherent in the Hindu system that 
inferior cattle be permitted to propagate them- 
selves promiscuously. Social custom, not religion, 
has permitted promiscuous breeding. It is possible 
to remedy this defect without violating the Hindu 
conscience. 





KANKREJ, OR “GUZERAT,” BULL 


CATTLE improvement may be undertake: 
either the lower or the upper end of the sca 
Western countries we have raised the ave 
our cattle by culling the poorer individuals 
have culled our cattle almost invariably by 
them. 
changes quickly in the average merit « 
group of individuals. Consequently, our th 
regarding cattle breeding is such that most 
have the idea that this is the only way to in 
cattle. Actually, this kind of mass selection 


This 1s, of course, very effective in 1 


very effective in producing better cattle, 
improving animals at the upper end of the 
The excellent work in culling at various go 
ment farms in India illustrates the effect of 
the poor cows. It has been the custom on 
farms to measure progress in breeding fo1 
production by the average daily milk yiel: 
cow. Improvement of this kind, however, 





PLOWING CONTEST AT FARMERS’ FAIR 


a function of breeding, other than that replac 
ments in a herd are obtained from among offspring 
of cows remaining in the herd after culling. It 
possible to increase the average by discarding the 
poorest producers year by year, yet breed no bet 
ter cattle. There is evidence that this occurs. For 
instance, there are records of Indian cattle pr 
ducing 7,000 pounds of milk per lactation thirt 
years ago, yet as late as 1932 no better yields had 
been obtained by breeding. Since that year 
changes in feeding and management have resulted 
in increases in production not due to breeding 
Culling out the poorest cows raised the year 
averages of a herd, but did not breed better cattl 
Our Hindu brother, who is pessimistic re- 
garding the improvement of cattle in his countr) 
because of a fundamental religious philosophy 
he is reluctant to give up, may well ask: “What 
is accomplished by ‘murdering’ cows?” For cacl 
inferior cow killed, we prevent the birth ot! 
average of less than one inferior calf annu 
This practice, therefore, which is oppose: 
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f carried out wholesale, reduces the num- 


xisting inferior animals, but it 1s not as 


, a iy 


in preventing the propagation of inferior 


ic 
zl another practice: castration. Castration 
e ir more effective in reducing the numbers 
¥ calves. A scrub bull may sire twenty 
0: scrub calves per vear. Castration 1s not 
a. nsive to the religious sensibilities of the 
Hindus as the killing of cattle. It is well know1 
nd is practiced in all parts of India. Although 
there might be difficulty in carrying out whole 


bale castrations in certain parts of the country, 


yan 


India where general castration of scrub bulls can- 


of the opinion that there is no part of 


not be introduced, especially if the cooperation of 
intelligent leading Hindus is obtained. The use of 
the “bloodless” Burdizzo castrater is particularly 
helpful in dealing with peasant prejudice. Castra- 
tion is practiced widely. Where it has been ob 
jected to on religious grounds, this has been only an 
excuse advanced by Hindus who did not under- 
stand the program to improve their cattle, and 
who were fearful of the consequences. \Vithout un 
derstanding, they might well fear the possibility 
of being left without adequate numbers of breed- 
ing bulls. 

Hinduism is not opposed to selection of cattle 
With the viewpoint of increasing the number of 
progeny from superior bulls. Ahimsa is opposed 
only to killing; 
js not opposed to selection if it can be practiced with- 


( 


it is not opposed to castration. It 
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KANKREJ COW FROM NEAR AHMEDABAD 


out “murdering” cows. Our Western practice of 


aughtering cattle culled from breeding herds has 
made culling, killing, and herd improvement appeat 


S 


inseparable. 
It 1s possible to practice selection by means Ot 
castration, and permit superior bulls to sire more 


ras. 
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calves, without coming in conflict with Hindu 
religious thought. In fact, ahimsa permits the more 
accurate selection of superior bulls than 1s possible 
in Western countries. The progeny test has proved 
itself particularly valuable in recent years with 
dairy cattle. The increased use of proved bulls 
is the goal of dairymen throughout the United 
States. However, it is recognized that many bulls 
may be rated more favorably than they deserve 
because their inferior offspring have been slaugh- 
tered. This difficulty would never occur in a 
Hindu community. All heifers strong enough to 
mature and produce milk are permitted to do so. 
None would be eliminated without having had an 
opportunity to obtain a measure of her milk-pro- 
ducing ability. Furthermore, a measure of longev- 
ity of production and longevity of life of certain 
families might be obtained from the records, as 
no cows are killed even when they are past the 
age of economical production. 

The practice of having public bulls at stud in 
India would supply the machinery for progeny 
testing in a way not found in many other parts of 
the world. It has long been a custom for a Hindu 
gentleman to honor a deceased relative by giving 
a bull to the community for public service. It is 
said that formerly superior animals were given, 
but it appears that the custom has now degener- 
ated so that only cheap, inferior bulls are purchased 
and dedicated to the honor of the dead. This func- 
tion of supplying bulls for public service has 
largely been taken over by the local governments. 

It would be possible to maintain liaison between 
the peasant breeders and the central breeding farms 
that supply the bulls. The bulls should be used only 
in one-bull herds to prevent uncertainty regarding 
paternity, and they should be moved from time 
to time to prevent their breeding their own 
daughters. Bulls may be passed on to other villages 
or, if they have sired superior offspring in the vil- 
lages, returned to the central breeding farm as 
proved sires. All scrub bulls running in the same 
herds should be castrated. It is also possible that 
such a well-organized scheme might achieve suf- 
ficient prestige in certain areas that service could 
be refused to inferior cows. 

Certainly, tremendous effort and great leader- 
ship would be required to launch a comprehensive 
system of cattle improvement based on progeny 
testing in the villages surrounding even one cattle- 
breeding farm from which bulls are supplied. I 
know of only one such attempt having been made. 
The plan is entirely feasible, however. Every In- 





dian village has at least one literate man w 
proper supervision, meticulously keeps 
village records. It is far from impossible 
ceive of such a man maintaining accurate b 
production, and other records necessary for 
testing. Thus, bulls could be regularly pr 
all the villages in the area. It is import: 
such a local area be saturated with good | 
bulls. Such a plan is better than spread 
available bulls out thinly by scattering th 
an entire province. It is also desirable that s 
area be near the farm on which the bulls a: 
It is possible that progeny testing may 
effective in the beginning if the native cows 
very heterogeneous. This is a difficulty that 
progressively overcome, however, generat 
generation, as bulls of similar breeding a1 
vided. 

Cattle could be improved by breeding 
best better. Improving the cattle at the ce 
breeding farm would in turn enable bette: 
to be supplied to the villages. 
of poor individuals would not be a requirement 
this plan, for all offspring of every bull would 
permitted to live as complete samples of all py 
eny capable of survival. Proper recording 
application of genetic principles can go far toy 
making the best of a bad situation. Selection w 
take place on the basis of these samples of 
plasm more complete than anywhere else 
world. Improvement would take place at th 
not by eliminating the lower-producing individ 
Such a system could operate as economical! 
effectively in India as in any other country, 
many points 1n its favor. 

Although the doctrine of ahimsa is a hand 
to phenotypic selection as practiced in West 
countries, where inferior cattle are culled 
killed, it appears to be of value to genotypic se! 
tion and the breeding of superior animals, provi¢ 
good records are kept and genetic principles ' 
lowed. Occidentals consider ahimsa a great 
advantage from the Western point of view, | 
need not be an unsurmountable obstacle to catt 
improvement in India. Newer practices of proge! 
testing may be carried out more completel) 


Hindu society than where there are no inhibitio: 


regarding slaughter of cattle. Genotypic select 
for milk production may then be found to be n 

effective by not practicing close phenotypic ¢' 
ing of both sexes. This should be a challeng 

agricultural officers in the newly created Do: 

of India. 
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| TECHNOLOGICAL INNOVATIONS AND THE CHANGING 
SOCIOECONOMIC STRUCTURE 


A. J. JAFFE 
: Dr. Jaffe (Ph.D., Chicago, 1941) is Statistician at the U. S. Bureau of the Census 
; Washington. He ts the author of numerous papers uv elds rap) 
labor force, and related topics This is tl second art € § scr § 


OCIETY is ina constant state of change ; we 

are always doing things somewhat differ- 

ently from our predecessors, living a little 
Gifferently and thinking a little differently. Al 
though such change has probably been occurring in 
all societies at all times, prior to the industrial 
revolution change took place gradually. By con- 
trast, it is particularly noticeable in our modern 
jndustrialized society—or so we like to believe 
where changes of all sorts are swiftly taking place. 
Social change has been recognized by every adult 
who has ever said, “Things were different when | 
Was a youngster,” and probably the vast majority 
pf all adults have made some such comment. 

It is no accident of nature that social change 
occurs. Changes in biological life due to mutations 
perhaps can be attributed to chance factors. But 
not so with changes in society. Ot the factors caus- 
jng change in our society, one of the most i1m- 
portant is technology—important new inventions 
as well as minor technical innovations, some so 
minor as to hardly merit patenting. 


Invention is a great disturber and it is fair to say that 
the greatest general cause of change in our modern civili- 
zation is invention; although it is recognized that social 
forces in turn encourage or discourage inventions. Cer- 
tainly developments in technology cause a vast number of 
changes in a great variety of fields. A banker once defined 
invention as that which makes his securities insecure 
Hence a study of the trends of inventions furnishes a broad 
perspective of many great movements of change and basic 
general information for any planning body, however gen 
eral or specific their plans may be (Technological Trends 
and National Policy, edited by W. F. Ogburn). 

In this short article it is proposed to trace the 
effects of technological innovations in only a very 
limited area—namely, that in the plane of living 
and the class structure of our society. It will be 
shown how new inventions and new techniques 
maitect and cause changes in the basic occupational 
fand industrial structure of the nation, and how the 
iplane of living has gradually been raised to the 
jhighest average level ever experienced in this 
mworld; the possible repercussions of these changes 

* This article is not written in the official capacity of the 
author and is not to be interpreted as representing any 


othcial opinions of the Bureau of the Census. 
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upon the class structure will then be examined 


IXmphasis is thus placed on the sociological aspects 


yf the picture rather than the economic or produc 


tivity aspects per se. (For an excellent discussion of 


the economic aspects of technological change in the 
United Mills: 
Gains and Their Uses.” 

The data presented here refer to the United 


States, in which the application of modern tech 


States, see F. C Technological 


nology has been carried to the greatest extreme, 
The conclusions, however, apply to other industri 
alized countries, as far as can be determined, and 
they also give a suggestion as to the future of other 


less industrialized nations. 


TECHNOLOGICAL progress is sometimes thought 
ot in terms of outstanding and newsworthy in 
ventions such as the automobile, airplane, motion 
picture, and radar. However, the term means much 
more than simply such few outstanding develop 
ments ; it encompasses the great multitude of small 


inventions that improve the efficiency of some 


nunute aspect of a particular job without neces 
sarily introducing anything new. These inventions 
are seldom newsworthy, and not always patentable. 
said to consist of two 
Both 


In general, they may be 
procedural and material inventions, 
defining this 


types 
contribute to increased productivity, 
term very broadly in the words of \WW. Duane 
vans, ““\Ve are interested in determining whether 
a given job takes more or less labor over a period 
of time.” 

In the first category is included much of the 
know-how of industry and business—the admin 
istrative organization, the laying out of efficient 
and orderly work flows, the establishment of im 


all ot 


increase efficiency and productivity. Thus, for es 


proved labor-management rapport which 
ample, the introduction of the moving assembly 
line was originally a procedural invention, and in 
itself increased the output per worker. Such in 
novations are not always thought of as inventions, 
despite the fact that they do ultimately contribute 
to increased productivity. 

The second category—material inventions—in 
cludes items and processes that are generally pat 


Q4 








A new 
lubricating ol, for example, which will permit a 


entable, but not necessarily newsworthy. 


machine to operate at increased speed, may cut the 
labor required at some one particular point in a com- 
plex manufacturing process. Or the raising of a 
new type of seed may permit increased agricultural 
production per acre without the necessity of in 
creasing the expenditure of man power. Any single 
one of these inventions in itself may have an effect 
on the ultimate end product, although by itself it 
is hardly—if at all—measurable by any of the 
known measuring instruments. The sum of many 
such individual items, however, becomes apparent 
in even the crudest of productivity measures. 

The volume and regularity of production can 
also have an effect on measures of productivity; a 
large volume of products being produced without 
interruptions will often require less labor per unit 
than in the cases of smaller volume or interrupted 
production. As W. Duane Evans wrote : 

The cement industry is an example. Output per man- 
hour continued to increase through the year 1942, as pro- 
duction expanded. After the bulk of war construction was 
completed, cement production dropped sharply, and with 
it productivity. By 1944, output was only half as great as 
it had been in 1942, and output per man-hour was 20 per- 
cent lower than in 1942. 

As can be seen in Figure 1, there have been 
considerable increases in productivity during 
recent years. Increases undoubtedly occurred in 
the years prior to those shown here, but compa- 
rable data are unavailable. 

Output per man-hour approximately doubled 
between 1919 and 1939 in all manufacturing indus- 
tries combined, in mining, in the electric light and 
power industry, and in railroad transportation. 
During this same period productivity in agricul- 
ture as measured by output per worker increased 
only about 25 percent, but since it is probable that 
working hours in agriculture declined, as happened 
in manufacturing industries, output per hour prob- 
ably increased somewhat more than 25 percent. 
In the telephone and telegraph industry (for which 
data are available only for the period 1935-46) 
there has also been some increase in productivity. 

During the war years productivity increased in 
some industries and declined in others. Owing to 
the radical changes in the nature of the manu- 
factured goods produced during wartime, com- 
parisons of the prewar and war periods for manu- 
facturing are not permissible. 

As for the future, there can be no doubt but that 
productivity, regardless of how it is measured, will 
continue to rise. 

Perhaps the single most important hiatus in the 
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held of productivity measures is for thos 
tries which do not produce tangible goods 
facturing, mining, electric light and poy 


ALL MANUFACTURING 
OUTPUT PER MAN-HOUR 





MINING 
OUTPUT PER MAN-HOUR 





ELECT RG LIGHT AND POWER 


UTPUT PER MAN-HOU 
200 ; 


160 
60 
40 - 









120 —— > 


AGRICULTURE 
OUTPUT PER WORKER 





RAILROAD TRANSPORTATION 
OUTPUT PER MAN-HOUR 























TELEPHONE 
jab | OUTPUT PER WORKER 
' j | 
z= 7 t SENG PSP dba aD Oee 
oe t I ab codhe aa Been tne 
TELEGRAPH 


OUTPUT PER WORKER 





1940 
FIG. 1. PRODUCTIVITY INDEXES? 
Sources: C. S. Gody and A. D. Searle, “Product 


Changes Since 1939,” Monthly Labor Rev., Dec. 14 

Productivity in Agriculture: 1909-1946, U. S. Bui 

Labor Statistics, Dec. 1947; Productivity and Unit 

Cost in the Telephone and Telegraph Industries 

1946, U. S. Bureau of Labor Statistics, Nov. 14 
* (For selected industries, 1909-46. 1939 = 100.) 
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ire all result in tangible goods; railroads 
telephone and telegraph industry are more 


nature of service industries, although they 


ply a standardized service which can be 
Seas red—ton miles of freight carried, message 
units provided, etc. For the great bulk of the sery 
ice lustries (the supplying of a service—such 
as trade, professional or domestic service, etc. 

rather than a tangible good), unfortunately there 
ire no productivity indexes, owing in large mea 


the lack of a standardized measurable 


product. Yet, as will be shown, some half of the 
present labor force is engaged in producing sery 


ices rather than goods. Thus, in order to appre 
ciate fully the effects of technology and inventions 


ion our society, it will be necessary to devise means 


of measuring trends in productivity in those indus 
tries now engaging half or more of all workers. 

The need for improving the present measures, 
especially those which represent statistical aggre 
gates of several individual products and industries 
(as that for all manufacturing activities combined ) 
is the second major problem facing students now 
engaged in this field. The U.S. 
Statistics, which has done most of this work to 
date, 
prove its measures. 

The thesis of this that the 
important elements in precipitating social change 
is technological innovation. Technological innova- 


Bureau of Labor 
is constantly engaged in attempting to im 


article 1s one of 


tions, taken together, have produced the vast in 
creases in productivity, or output per man-hour 
(or per worker as the case may be). Such radical 
changes in the efficiency of production and the 
utilization of man power, in turn, have affected 
the social structure in various ways. Let us ex- 
amine several of these derivative effects. 

THE CHANGING OCCUPATION AL 


INDUSTRIAL AND 


COMPOSITION 
{f the immediate 


effects of changes in productivity is upon the in 


Industrial composition, One « 


dustrial composition of the labor force. In Table 
1 the industries of the United States have been 


classified into two major groups: those which 


produce tangible goods (agriculture, forestry, 


TABLE 1 


PERCENTAGE OF WORKERS 


TYPE oF INDUSTRY 


1947 | 1940 | 1930 | 1910 | 1890) 1870 
Production 
WOOGS §....6.. 44 49 53 62 68 75 
Production 
i services 56 51 47 38 32 25 


just 1948 


extraction ol minerals, manulacturl 


t) hinge 
fishing, 


} 


mechanical industries, and construction 


ny, 
), and those 
which largely produce services (transportation, 
nunication, utilities, ] 


) 
| 
t 


con public professional set 


ey es ¢ . 
erical services, trade and tinance, domesti 


ete 


vice, ¢ 


and protective service, government service, 
At each date the proportion of the working popu 
lation engaged in these two broad classes is shown. 
Table 2 


Inefficient means ot 


( Detailed statistics are 
In 1870, with the 


production then available, three quarters ot 


given in 


relatively 


workers in the United States were engaged in in 


dustries producing goods, and of these the bulk 


were in agriculture. (In 1840 almost SO percent 
were engaged in agriculture alone.) By 1947, with 
the remarkable increases in productivity in these 
industries, less than hali—some 44 percent—were 
engaged in producing goods. 

The substitution of more efficient machines and 
processes for less efficient ones and for man powet 
resulted in the freeing of millions of workers from 
the necessity of producing the physical goods re 
quested by our society. These workers recruited 
from farms and factories, as well as the farmers’ 
sons and daughters and other new workers entet 
ing the labor market for the first time, plus many of 
the millions of immigrants, found jobs in the ever 
expanding service industries. 

Agriculture in particular was able to free work 
ers for nonagricultural pursuits. In 1870 more 
than half of all workers were engaged in agricul 
in 1947 less 


actual num 


ture (including forestry and fishing ) ; 
than 15 percent were so engaged. In 
bers there were about as many farmers in 1947 
as in 1900, despite the fact that the total popula 
tion almost doubled in size between these vears. 

The 


composition of the working population per | ‘s 


Occupational composition. occupatienal 
classifying the workers into two major groups 

the basis of the kind of work they actually perform 
rather than the type of product resulting from 


broad 


groups: those who work mainly with their brains, 


their labors. Thus we can delineate two 
and those who work mainly with their hands. 

In 1947 white-collar workers comprised an esti 
mated 36 percent of all workers (fourteen years of 
age and over); in 1910 they comprised some 21 
percent. The population engaged in manual work 
(including thus decreased 


agriculture ) signifi 


cantly from some 79 percent in 1910 to 64 percent 
in 1947, The increases in productivity during these 
decades largely affected those occupations in which 
manual labor predominated and thus permitted 
increasing numbers to enter commercial, profes- 
sional, and clerical occupations (Table 3). 








TABLE 2 
ESTIMATED INDUSTRIAL DISTRIBUTION OF THE WoRKING POPULATION FOURTEEN YEARS OF AGE AND 
Unitep STATES, 1870-1947* 
e 
Industry 1947 1940 1930 1920 1910 1900 ISCO ISSO I 
Number (in thousands) .... 60,650 52,022 48,593 41,798 36,034 28,273 22,634 16,887 12 a 
Percentage, total ...... ; 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 C 
Agriculture, forestry, r 
PNRM ong Dik ie aie es 154616 13.0 17.6 21.6 26.5 30.3 36.5 41.7 48.4 7 is 
Extraction of minerals ... 1.5 2.1 2.0 2.6 2.6 Z0 2.0 1.8 o! 
Manufacturing, mechanical 
ind., construction ...... 29.6 29.3 29.0 30.8 29.1 25.5 24.4 ha t 
Transportation, communi- Cc 
SR Sei ee Sen Vg sig aos 6.7 6.6 7.9 7.4 is 6.9 6.2 4.9 its 
Professional service ..... 6.4 6.8 6.7 yA 4.7 42 3.9 5:3 2 
All other service and he 
white-collar ........... 42.81 37.6 32.8 Zin 26.0 24.4 21.8 18.9 | 
*Alba M. Edwards: Comparative Occupation Statistics for the United States, 1870 to 1940, U. S. Bureau of t c| 
Census, Washington, 1943. 1947 estimates made on the basis of current (post-1940 U. S. Census) data publish ab 
the U. S. Census Bureau and the U. S. Bureau of Labor Statistics. € 
t Including armed forces and those of unknown industry. 
ti m ; : pr 
Increases in productivity have affected the serv- not to the extent to which the production of goods tec 
ice industries and white-collar occupations, as has been affected. Thus, for example, the intro 
even casual observation will reveal, but probably tion of the cafeteria and the self-service groc th 
TABLE 3 store must have increased the productivit) en 
; ; oh workers in such establishments. The modern typ fay 
SocIoECONOMIC CLASSIFICATION OF THE GAINFUL WorRKERS, : : : : ‘dial 
1910-30, AND OF THE LaBor Force, 1940, Unirep States* Writer and calculating machine have increased t cr 
productivity of some clerical operations. The | th 
Socioeconomic Class | 1947 | 1940 | 1930 | 1920 | 1910 sician with his automobile very probably is 1 F 
eee eT ee ae productive than one equipped with a horse t 
d agri al; ; ; E _ 
White-collar buggy in that he wastes less time simply riding cu 
Professional 6.5 6.5 6.1 5.0 44 from one patient to the next. The major proble m 
Sen on Eee 7 5 R a ' 4 
Proprietors, then, is to determine just how much increase the it. 
ve egg =e - actually has been in these various fields in orde: cr 
and officials 10.1 7.6 ia 6.8 o' * Sear e ae xi re a c 
Clerks and to hazard some evaluations of the future. ot 
kindred We can predict confidently that tremendous ce 
workers Bs | Me] 15) ts. 10. creases in productivity will take place in the futur * 
Subtotal 35.6 | 31.3} 29.9} 25.6) 21.1 in manufacturing, mining, agriculture, and th ha 
Manuel other industries for which productivity indexes r 
Skilled are already available. And, for some time in th 
= future, the proportion of the workers engaged | : 
anc ey ’ aan ey a\ 
foremen 91 1471 129) 138) U7 producing goods, or in manual occupations, ‘h 
Semiskilled continue to decline. Thus, increasing numbers 
; _ . - ° - ° ne 
workers 20.6 | 210| 164); 16.1 14.7 well as proportion) of workers will be found 11 
+ 1. ‘ ; . : : la 
Unskilled is az y . yg Service industries and white-collar occupations r 
rkers 5.6 8. 98 20.0 “1.9 , = h 
workers : | | We may now ask what the probable effects 1 
. — ; = t* - ; ' ca 
Subtotal 50.1 | 51.4) 49.1} 49.6 | 47.9 be in the future, if the service industries shi ' 
; : : ae r 
Agricultural : experience vast Increases 1n productivity comp 
Farmers, rable to those experienced in the manufacturing 
sapere es >! 19021 1241] 1541 165 industries. That there probably will be conside: 
tenants 8.2 0.2 Z. i 6.9 ‘ : ; 
iene able repercussions upon the occupational and 
laborers 6.1 71 8.6 94| 145 dustrial composition of the nation’s labor f 
e@rre 1 - goes without saying. But what form will thes 
Subtotal a ey aah hud what mich 
Total 100.0 | 100.0 | 100.0 | 100.0 | 100.9 | Tepercussions take? And, furthermore, wha J 
Si | _—sbe the eventual effect on other sectors of the s 
* Same source as Table 2. structure f cr 
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INCREASE IN THE PLANE OF LIVING increase in the plane of living (that is, the volume 
of physical goods and services available per per- 


son) has been described by C. S. Gody and A, D 





nological innovations are introduced gen- 
for one of two reasons. On the one hand, the 


a : : . Searle as follows 

new invention may permit an improved product, 

eit! at a decreased cost or at the same cost (or Output per man-hour, together with average hourly 
occ onally even at a higher cost). A second a determines unit labor cost ~ wage payment 
reason for introducing a new invention or process © Per unit OF output It average hourly earnings 1 


main unchanged, unit labor cost is reduced 
is increased, and prices can be reduced without any decline 
of reasons that will induce a concern to go to the — jn profits. Where there is competition, it is likely that 
trou le of changing its machines or work pro- savings in labor cost made possible by productivity in 


' as - , 1 hich net I] 
res in order to increase the productivity of creases will be reflected in lower prices, which benefit all 
§ consumers. If effective competition does not exist, how 


is produc tivity 


;; to reduce costs. These are the only two classes 


cedu 
its operati Of course, in certain circumstances 
its perations. tr ¢ vale , In certa ever, and 1f average hourly earnings are not increased, the 
a new machine or device may be introduced for 


1 result of gains in productivity may be an increase in profits. 
health or satetv reasons; in other circumstances, Workers benefit through price declines, together with all 
- ; ] nsum wl liy 1) hicl vorket 
~ manufacturer may purchase an improved ma- other consumers. A more direct way in which work 
‘ f i 7 : share the benefits of productivity gains is by means of 
it chine simply because such was the only type avail- ami nilestanege narG- 
e 2. | . : eons c \: : | | wage increases, \s output pel nan hour ncreases, averaLle 
ed | able when he found it necessary to replace ol hourly earnings may also increase without any increase in 


equipment. But as a rule the prospect ol increased — unit labor cost and without any upward pressure on prices 


profits is the primary motive for introducing new or any reduction in profits. In 1939, unit labor cost. it 
manufacturing industries was 44 per cent lower than in 


‘oods techniques. 2 

% ae | ; It of tl — oe — 1919 and wholesale prices of manufactured goods, 38 per 

pera) [he net result ot t a " tec eoetiaies —‘aheoes — hice - "> cent lower. Average hourly earnings, on the other hand 

Cel then, has been a gain in the plane of living of the ere 28 per cent higher. The basis for the wage increases 

y entire population, as is well known. We are all and the declines in unit labor cost and prices was the large 

vp familiar with the general appearances of such in- Tse In output per man-hout 

| the creases in the plane of living, but specific statistics Theoretically, there is nothing mandatory about 

ph that would measure such changes precisely are this process whereby increased productivity must 

nore largely lacking. It can be pointed out, for example, result in an increase in the plane of living. Con 
that the index of manufacturing production (cal- ceivably, it is possible for increases in productivit; 

ding culated by Solomon Fabricant )—that is, the esti- to result in increased leisure. Indeed, in this coun 

a eT Se Pee ' -ose fr 00 i bad 

let mated volume of physical output—rose from | 11 try, simultaneously with the increase in the plane ol 

” R990 73 in 1939, or ¢ < adruple in-  4;.; ' 

here 1899 to 373 in 1939, ot almost . qe idruple i= living, there has also been an increase in the 

ret crease. During the same period, the total l nited amount of leisure. In 1909 the estim ited average 


Poo  snlegreanin mereased " pe ck et number of hours worked per week in manufactur 
1] e rom ¢ by ms to Lol millions. Such ; . S 
Sil cent-—from about 75 millions to 1 iia iain. ean: meta SES tbe 


: i gure fell 
an increase in the physical output of industry must 


n 


ture rather consistently to a low point of 35 hours in 
ose have been accompanied by an increase in the 1938. During the war years, of course, the length 
eXes ainount Of goods available per person. . of the work week increased; but with the resump 
the Another index of the increase in the plane ot tion of peace the length of the work week has again 


Ve, living is the estimated per capita value of all goods 


declined and in 1947 was around 40 hours. At the 
available to consumers at several periods (based on 





WI s Ge ' ; time of the Civil War the average length of the 
data by Simon Kuznets ). Owing to changes in the ; ; 
(as . ’ , work week in all nonagricultural industries seems 
; purchasing power of a dollar, such value figures 
1 the el 5 satel , _ to have been between 60 and 70 hours 
have been estimated in terms of 1929 prices. Over ap peat 
Another indication of the increase in leisure time 
the past seven decades or so the estimated per . 2 
1 ; ; is afforded by statistics showing the proportions 
capita value of such consumer goods has about é : 

Ol aa ot young and old persons who were workers ( gain 
tripled (Table 4). ag hy 
ap TABLE 4 fully occupied or in the labor force). At the olde: 
ring er oe eee ages—sixty-five years and over—some three quat 

ce Period Estimated per > ‘ So 

det erloc Capita Value ters of all the men were gainfully occupied in 1890 

m hen. ttt ane $562 In 1947 a little less than half the men in this age 

QQ9Q- . . 

ore 1909-18... . 2... 2... 444 group were in the labor force. 

| | 297 ni aapetnter epi Sah me 

est ——-. 183 Among boys ten to hitteen years old, about one 

ight quarter were gainfully occupied in 1890, By 1940 

cla | The mechanism by which the accumulated in- the incidence of boy employment had decreased to 
mreases in productivity ultimately result in an such an extent that the U. S. Census Bureau ex- 
; ) : 





iL wiugust 1948 97 








cluded the age group ten to thirteen years from its 
1940 labor force statistics. It would appear that 
perhaps not over 5 percent of all boys ten to 
fifteen years of age were employed or seeking work 
in 1940, The later age of entry into the labor force 
is, of course, accompanied by a lengthening of 
schooling and an increase in the educational level. 

Thus, the average age for entering the labor 
force has been increasing over the past several 
decades, and the average age for leaving has been 
decreasing. The net result is that the average male 
who survives beyond age sixty-five today will have 
spent a smaller number of years in the labor force 
than he would have several decades ago. In addi- 
tion, while employed in the labor force he works 
fewer hours per week. 

It would appear, then, that, in theory at least, 
society can take its choice as to the ultimate goals 
to be achieved by increased productivity. On the 
one hand, the working population can continue to 
work just as many hours per week and just as 
many weeks out of the year and just as many years 
out of a lifetime as it always has and enjoy a con- 
tinuously increasing plane of living. On the other 
hand, a society can elect to maintain its plane of 
living at any given level and enjoy its increased 
productivity in terms of increased leisure. Of 
course, any combination of these two alternatives 1s 
also possible. Whether the nation is now in the 
position of having to make a choice can be debated. 
The fact does remain, however, that the various 
labor groups in the United States have already 
exhibited an interest in increased leisure. 

According to E. M. Bunn, about three out of 
four manufacturing establishments had formal 
paid vacation plans in 1945-46 for their plant 
workers who had had at least a year’s service. 
Almost nine out of ten establishments provided 
paid vacations for office workers with a minimum 
of a year’s service. In contrast, paid vacations in 
1937 were provided for plant workers by only one 
in four manufacturing establishments, and_ for 
office workers by eight out of ten establishments. 

It must be remembered that there is some posi- 
tive relationship between productivity and volume 
of production (varying from industry to indus- 
try) ; accordingly, it is possible that certain meas- 
ures designed to increase productivity are not 
worth introducing unless there is an increase in 
volume of production. Theoretically, then, in a 
case of this nature, perhaps the benefits of in- 
creased productivity must be taken in the form of 
an increase in the plane of living rather than in an 
increase in leisure. No adequate study has been 
made of this area. 
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TECHNOLOGY AND THE CHANGING « 
COMPOSITION 

An income distribution of the total 
at any given moment of time can locat 
vidual at some particular point—such 
ample, in the upper 10 percent, or the 
percent. As we know, however, ‘class’ 
not only the person’s position in the 
scale but also his attitudes toward his 
therein and the attitudes of others toy 
Therefore, unless information is available 
determining the attitudes and to state pr 
what points a continuum of incomes ¢: 
meaningfully, it is impossible to state st 
what the class composition of a nation is 

No data are available that would per 
description of the class composition of th 
States either at present or at any time in 1 
Three general types of statistical data 
used as indexes of class composition. Tl 
occupational data, income and plane-of-livi 
and educational data. There is some posit 
relation among all these indexes. Each | 
siderable limitations upon its use and inter 
tions; nevertheless, the use of any one o1 
bination of these items does permit some 
and generalization with regard to certain 
of the class composition, 

Effects on the class composition. We hav 
how technological innovations and increasing 
ductivity have radically altered the industi 
occupational distribution of the nation, ho 
have increased the plane of living and the ; 
income level, and how they have led to co: 
able increases in educational levels. We hav 
seen that these factors are the ones often us 
differentiating the population into classes. \Vi 
infer, then, that the class composition has pro! 
also changed gradually. 

However, most of these available statistics | 
grave defects especially apparent when atte! 
to study historical trends; accordingly, it is 1 
to impossible to state exactly how the class « 
position of the nation may have changed. 
seen, for example, that the estimated per 
value of goods available to consumers (in 


dollars) about quadrupled in the period betw: 


Sut we have no notior 
such 


1869-78 and 1929-38. 
whether the distribution of 
dates was approximately similar, or whethet 


values at 


J 


segments of the population experienced no change 


whereas other segments more than quadruy 
their per capita receipts. 


Implications of class composition. Despite ' 


fact that we cannot establish precisely the size 
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ulation in each class either today or in the 
st. we do know that there are considerable dif- 
ferences among the classes with respect to many 
“ry important facets of the social structure. And, 
aking very generally, we have reason to believe 
these differences assume varying degrees of im- 
portance as the social composition of the nation 
varies. Thus we know, for example, that a century 





ago and more, when the great majority of the 


population was dependent on agriculture for its 
livelihood, agrarian problems were among. the 


se most important facing the nation; problems of the 
industrial element were of importance only in local 
st ized areas. 

\s industry and commerce became more im 
portant, the tariff question emerged as one element 
of contention between this group and the agri 

€ pas culture segment. And, finally, as manutacturing 
and industrial development grew to its present 
size, industrial problems assumed ever-increasing 
importance. Whether a new set of problems center 


5 OCCUPATIONAL CLASS OF HUSBAND 


URBAN 


ing about the growing importance of tl white 
collar group will become of predomina ) 
tance in the future is a question well w ( 

sidering. 

Class differences. Our knowledge of the tte 
ences between the classes With respect to inl\ 
social phenomena is derived from vo mal 
sources. Certain class differences have been ob 
served on the basis ot data obtained ron th 
United States decennial censuses and certain othe 


types of large-scale surveys that 
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sign so that their results are nd so a 
to permit exact calculation ot the size the class 
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FIG. 2. BIRTH RATE BY OCCUPATIONAL CLASS OF HUSBAND, U 
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Standardized number of children under five years of age per 1,000 native white women, married once, 
in household. Standardized on basis of age distribution of total native white women. 











differences observed. Nevertheless, certain differ- 
ences have been repeatedly observed—differences 
that are almost always in the same direction. Be- 
cause of this we can speak with confidence about 
the nature of some of the class differences even 
though their present and past sizes are undeter- 
mined and we cannot analyze the trends in these 
differences. 

Demographic differences. These are the differ- 
ences that have been observed in the way people 
act with regard to the population phenomena de- 
scribed below. The way people act indicates their 
underlying attitudes and beliefs; hence, although 
we cannot always understand these attitudes by 
simply observing the actions, we are sure that dif- 
ferences in action do indicate differences in under- 
lying attitudes. 

Differences in the birth rate have existed for a 
very long time. Figure 2 shows differences in fer- 
tility among women classified according to occu- 
pation of husband in the United States in 1940. 
Some studies have classified the population accord- 
ing to rental value of home, and others have used 
different indices. The same general pattern of in- 
verse relationship between fertility and class level 
has been observed in practically all such investi- 
gations, some of which studied the population of 
over a century ago. 

Inverse relationships have also been observed 
consistently between the class level (however 
measured) and the death rate, as the data in Table 


5. from Dublin and Lotka, illustrate. 


TABLE 5 


Standardized Death Rate 


Social-economic Class per 1,000 Males (1930) 


All gainfully occupied males .............. 8.7 
SrrapeneN NE AUN) os iis os 6s SSeS eee aw yoe ee 7.0 
Proprietors, managers, officials 7.4 
Clerks and kindred workers .............. 7.4 
PASTICUIEUEAl “WOLKETS .....000.0 cscs ewes ce 6.2 
Skil'ed workers and foremen 8.1 
SE HINIOG WOTKETS i... 55/6 bb os on vic se de 9.9 
RORSIEREEE WHTEEEN SS icy-oohesies ce Go ckee boars 13.1 


The same inverse relationship is found with the 
infant mortality rate. Among a sample of urban 
families studied by R. M. Woodbury, in which the 
father’s income was under $450 per year, the death 
rate of infants (deaths under one year of age per 
1,000 live births) was 167; families in which the 
father’s income was $1,250 a year or more experi- 
enced a death rate of 59. 

The marriage rate is also inversely related to 
social class in so far as degree of formal education 
can be considered as an index of class. The higher 
the educational level, the greater is the percentage 
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of native white women past the child-beari: 
(forty-five to forty-nine) who have remained 
as data trom Irene B. Taeuber and Hope 1 
ridge show (Table 6). 


TABLE 6 
Educational Level 
1 to 4 years 
7 and 8 years 
High school: 4 years 12 


College: 4 years or more 


Percentage 


Grad SCHOOL: 


Attitudes. It is impossible to describe ful 
various attitudes of the different classes of a | 
lation. About the only data in existence 
claim to be valid cross sections of the total po 
tion are those obtained from the various op 
and attitude polls. Whether these materials c: 
analyzed so as to afford a real knowledge oi 
differences and attitudes is difficult to say, 
relatively littke work has been done in this d 
tion. General perusal of some of the data rele 


by various organizations suggest the following t 


very general conclusions. 

When persons are asked a question of immed 
and direct economic interest to themselves, 
tend to reply in a manner favoring thems« 
Consider the example from the American [1 
tute of Public Opinion (January 12, 1947). 
Question: Many unions of factory workers are goi 
ask for a pay increase within the next month o1 
Do you think these factory workers should get 


pay? 

Occupation Percentage answering 
Farmers 19 
Professional 

and business 5] 
White-collar 37 
Manual workers 50 
Union members 59 


Although there is room for argument as to | 


accurate the above figures are or exactly how th« 
should be interpreted, there can be little if ai 





doubt but that the underlying attitudes of the ma: 


ual workers—the working class—differ sign 
cantly from those of the white-collar and far 
groups, and that this question was answered 
terms of self-interest. 


Another question that may illustrate the role oi 
assumed self-interest is from the Fortune Ma 


zine Poll (November 1946). 


Question: The Political Action Committee of the C.| 


(usually called the P.A.C.) has been active all over | 


+ 


country in supporting candidates for political office t 
labor approves of and opposing those labor disappr« 
of. On the whole is the P.A.C. the kind of organ: 
tion you would like to see continued, or not? 
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Salaried Professional Wage 

executives nen earners 
10% 25% 3] 
tinued .... 72 7 / 
W ° 12 11 32 


e above question also illustrates the second 


general conclusion that seems permissible 


among the poorer classes the proportion of the 


ilation who have no opinion seems to be con 
siderably greater than among the richer or more 
the 
Whether these members of the poorer classes 


hly educated segments of population. 


truly hold no opinions, or do not care to impart 
them to the interviewer, is a subject which requires 
much further study. 

Consider the proportion of 
swers to the following question in which the re 


“no opinion” an 


spondents have been classified by educational level 
(American Institute of Public Opinion, January 


3, 1947): 


uestion: Do you think Russia will cooperate with us in 
international affairs : 


A swers No opinion 
College education 7% 
High school ] l 
Grade or no school 23 


In so far as a knowledge of the pertinent facts 
in any given issue helps the person to form an 
opinion or attitude, it would be expected that the 
“upper” classes would contain smaller proportions 
of “no opinion,” since formal education is rathe1 
highly related to class level. And, in regard to 
many issues, the better-educated and more pros 
perous elements have a greater factual knowledge 
than do the others. A very illuminating study of 
this aspect of class differences is that of Genevieve 


Knupfer, “Portrait of the Underdog.” 

There appear to be class differences in child 
rearing habits also, although definitive analyses 
have not as yet been made; the extent of member- 
ship in clubs and other voluntary associations 
appears to be positively related to class level; sex 
attitudes and behavior vary among the different 
educational levels, as shown by Kinsey and his 
associates; indeed, there probably are significant 
class differences with respect to practically every 
aspect of human behavior. 

\s we have seen, inventions and increasing pro- 
ductivity ultimately affect the class composition of 
a society, and the attitudes held by the various 
classes. Not only may the attitud«s of the society 
s a whole be affected by changes in the propor- 

nal weighting of the different classes, but the 
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activities. Untortunately, our knowledge ot thx 
ultin t thect f techn lnev what ittitucl at 

late eltects oO echnology upon a udes 18 


very limited. Theoretical formulations exist, but 


only very limited research has actually been carried 
out, 

Before closing we must note that the relationship 
between technology and attitudes 1S reciprocal 


lo a considerable extent the 


adoption of new de 
vices and the full utilization of existing ones ar¢ 
both irrational and so-called rational 


as as been s] 


inhibited by 


attitudes, iown by 


al 
Perhaps the best current example of this is 


housing problem. Our society wants mort 


S 1 


but prevailing attitudes do not permit 
duction of standardized prefabricated houses on a 


mass-production basis. Society has accepted such 


mass production in the automobile and in the newe1 


durable consumers’ goods (refrigerators, radios 
etc.), but not in housing. 
IMPLICATIONS 
Perhaps the single most important reason fo1 


~ 


studying technological change is to afford society 


a mechanism for predicting the social changes 


which are expected to occur, and to formulate such 
seein to warrant 


For change in itself is disconcerting, notwithstand 


policies as circumstances may 


ing the fact that the American people pride them 


selves on their so-called desire for the ‘newest’ 
and “‘latest.””’ Change 1s often considered “bad” 


hus the 


oldsters of every generation when speaking of 


no other reason than that it is change. 


“modern youth” are sure that the youth of today 
standard of youth when the) 

the “youth of today” are 
different. Hence, any thinking that will 
to better adapt 


are not up to the 


were voungsters, for 
permit a 


society itself to the inevitabl 


changes which will occur—changes stemming 1 


large measure from technological innovatiot 
be better able to meet such changes 
Fe are called for 


Specific discussion and “planning” 


the 
is meant only achieving full 


with respect to areas previously de scribed. 


By “planning” cog 
nizance of the ultimate developments in a given 


area, and evaluating them in the light of society’s 


1()] 








values. Thus, it is possible for the “‘planner’’ to 
predict that such and such will occur, and that 
various alternative action programs are possible, 
depending on the ultimate goals or values of 
society. If and when society adopts some ulti- 
mate goal, then that program can be implemented 


which will most closely fit the impending cl 
to such goal. This is not to say, however, that 
and values will necessarily be decided on 

scious and rational basis, but rather that 
society definitely does have values, and that 
values often change with the passage of time 


el x pee 


DAYLIGHT SAVING 


Now man has urged the heavens to his need, 


Spurred forth the sun, harnessed the restive moon, 


Coralling time like an unbridled steed, 


Displacing midnight, and transposing noon. 
The stars must wait to mount the Milky Way, 


Slacking their silver pace, and as they climb 
Man tries to trick them ; to expand his day 
He meddles with the secret springs of time. 


Reverse the dawn and dusk! Recall the sun 

At midnight ; toy with time; it shall not matter. 
Implacable, the hours glide, one by one, 

Beyond man’s paltry strength to grasp or shatter. 
Time will elude him still. Not in his power 

To cheat death by a single, stolen hour ! 
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THE HUMAN BRAIN IN THE LIGHT OF ITS PHYLOGENETIC 
DEVELOPMENT 


FRANZ WEIDENREICH 


Dr. Weidenreich, a native of The Palatinate, Gern 1S h } I 
Universities of Strassburg, Heidelberg, Frankfurt am Main, Petpi md Chicag 
Since 1941 he has been assoctated.with the American Museu f Natural Histor) 


HE discovery of the remains of Peking man 
in the cave of Choukoutien, and evidences 
of a relatively advanced culture at the same 
site, confronted the paleoanthropologist with a 
new, 
ash layers and burnt stones and bones revealed 


unexpected, and vital problem. The find of 


that the man who lived there had knowledge of 
fre; and the find of stone implements, some of 
them skillfully chipped, proved that this man was 
already an able artisan. 

On the other hand, the anatomical 
the skulls that the dwellers 
sented a very primitive type, morphologically in- 
ferior to any fossil human type unearthed up to 
that time. The cranial capacity of the first skull to 


P - 
record oO! 


shows cave repre- 


be found is not much over 900 cc. Davidson Black, 
who described the first finds, had no scruples 
about identifying the human individuals whose 
bones were dug out together with the cultural ob 
jects as the bearers of the Choukoutien culture. 
However, Marcellin Boule, the French paleontolo- 
gist, thought otherwise. He argued that a human 
individual whose brain was not larger than a little 
over 900 ce could not be credited with the degree 
of intelligence that would be necessary to produce 
such a highly developed culture. From this prem- 
ise, Boule deduced that a man with the physical 
appearance of modern man must have lived con- 
temporaneously with Peking man, and that this 
advanced human type, not Peking man, must have 
been the bearer of the culture of Choukoutien. 
Boule regarded Peking man with his small brain 
as a Savage brute who was hunted and killed like 
any other game by an unknown, more advanced 
human type. The irony of the implication that the 
mental and cultural superiority of this man would 
be evidenced by his chasing, killing, and probably 
also eating his physically and culturally less ad- 
Wanced fellow-man, did not embarrass Boule. In all 
the years during which the cave of Choukoutien 
has been explored, no trace of a second human type 
pas ever come to light; therefore, there is no 
Teason to doubt the identity of Peking man and 
the culture of Choukoutien. But Boule’s objection 
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brings up a general biological problem that has 
broader implications than may at first be seen. 

Is it possible to infer from the size of the brain 
the degree of intelligence and cultural efficiency 
ot its bearer, regardless of.whether this bearer 
lived several hundred thousand years ago or lives 
today ? Almost everyone, layman as well as scien 
tist, seems to be convinced that such a correlation 
is a well-established fact. Some time ago I came 
across a pamphlet, published in 1934, which was 
written by an English physician. In the author's 
opinion the only factors that determimed man’s 
evolution since his beginnings as a primitive pri 
mate are environment and natural selection, But 
his starting point is the premise “Cranial capacity 
is a fairly accurate measure of the mental status 
from the most primitive primates to //omo sap 
ens.’ The self-confidence with which this statement 
is made is typical. 

Of course, there is no doubt that the size of the 
primate skulls from the lemurs of the Eocene up 
to modern man has greatly increased. Compared 
the average cranial capacity 


1.350 


with the great apes, 
of modern man is three times greater—ca. 
cc against ca. 450 ce. Skull Il of Java man (Pithe- 
canthropus erectus), the smallest skull of an adult 
fossil hominid thus far found, has a capacity of 
only 775 cc (Fig. 1, Bb). This is 43 percent smaller 
than the average skull of mankind today, or a little 
more than half the size of the brain of an average 
\merican male adult. The cranial capacity of that 
Java man corresponds to that of a child of today ot 


eleven to twelve months of age. The average ca 
pacity of the skull of Peking man is a little ove: 
1.000. cc. 


average capacity of modern man. The apelike an 


This is still one quarter less than the 


cestors of man are unknown. The fossil Australo 
pithecinae of South Africa, which are regarded by 
human line, 


150) ex 


Broom as forms lying directly in the 
have a cranial capacity of not more than ca. 
This is about the average capacity of living anthro 
poids. If Broom is right in his phylogenetic rang 
the Australopithecinae, then the human 


ing ot 
brain would have increased considerably since the 
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Fig. 1. 
left side. 


D 


Casts of the interior of the skull cavity, showing size and form of the brain and its surface patter: 
A, adult gorilla; B, Pithecanthropus erectus I1; C, 


Neanderthal man from La Chapelle-aux-S 


modern man. About 1/4 natural size. The brain of Neanderthal man had already attained the size of that 
man, but the contour of the latter is more circular, and it has developed a distinct hump at the vertex. 


evolution of man from the South African ape men. 

However, we do not know of any fact which 
proves that the mere increase of the size of the 
brain is tantamount to an advance in mental abil- 
ity. Is modern man really more intelligent than 
Peking or Java man or any great ape only because 
his brain is larger? This is what Boule’s argu- 
ment implies. More than sixty years ago Marsh 
claimed that the mass of the brain, particularly 
that of the hemispheres, has increased considerably 
in some mammalian orders since early Tertiary 
times (Fig. 2). Tilly Edinger, who quite recently 
studied the evolution of the brain of the horse 
from Eohippus, its earliest recognizable ancestor 
in the Eocene, to the modern equine form, found 
that its brain, especially the neopallium, has been 
enlarged, although the horse did not change its 
basic organization. This suggests the question: 
What about the progress of the “mental” quali- 


Cer. 
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Fig. 2. Enlargement of the brain in mammals from Eocene 
up to today. Right, living animals: A, dog; B, pig; C, 
rhinoceros ; left, Eocene type of corresponding mammalian 
category: flesh eater, small ungulate, large ungulate. All 
reduced at same rate. Olf, olfactory bulb; Cer, neopallium 
(hemisphere) ; Cb/, cerebellum and medulla oblongata 
(cerebral end of spinal cord). (After Henry Fairfield 
Osborn. ) 


104 





ties of the horse? Is there any indication 
enlargement of the brain implies a greate: 
tage in the struggle for survival and that th: 
its higher int 
bound to the enlargement of the neopalliun 
ducted it safely for millions of years thr 


only survived because 


perils lurking about it? Since the horse has s 


vived, it must have been equipped from the 
ginning and at all times with a certain 

of brain sufficing to let it find its food and « 
its enemies. Were the living conditions of ear 
horses much easier? Did they therefore r 
less attention and precaution than in late1 
so that the horse could survive in earlier t 
with a minimum of neopallium, whereas late: 
it could do so only because the brain enlarg: 
the meantime and gave it a greater chance: 
extinction of the horse in North America 
already an accomplished fact by the late Pk 
cene, although the animal had already acquit 
well-developed neopallium. 

On the other hand, increase of body 
always accompanied by an increase of braii 
The elephant, for example, has a brain that 
almost 5,000 gr, and the brain of one of th 
whales (Fig. 3) 
increase of the body alone cannot be made res} 


sible for the growth of the brain; for, in proport 


to the weight of the body, the whale has 
smaller brain than man. The whale has | ¢ 


brain substance for 8,500 gr of body substa 


whereas man has 1 gr of brain substance for 
of body substance. Nevertheless, man is 
passed in this respect by the dwarf monk 
South America, the marmosets, which have 
of brain per 27 gr of body substance; and 1 
surpassed even more in these proportions 
capuchin monkey (Fig. 4) with 1 gr of br 
stance for 17.5 gr of body substance. 
Therefore, neither the absolute nor the 
size of the brain can he used to measure the deg 
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Brain of a whale viewed from above (1); from 
the left side (B). The entire surface of the two hemi- 
spheres is partitioned by innumerable large and small 
fissures, which do not allow any identification with those 
in Cebus (Fig. 4) or chimpanzee (Fig. 5). Note also 
special form of the hemispheres—they are almost globular, 
although broader than long and very high. 1/4 natural 
size. (After F. Tilney.) 


Fig. 3. 


of mental ability in animal or in man. So far as 
man is concerned, the weights of the brains or the 
volumes of the cranial cavities of a hundred celeb- 
rities of all branches of knowledge all over the 
world have been listed (Spitzka and others). At 
the bottom of those Gall, the famous 
phrenologist, Anatole France, the French novelist, 
and Gambetta, the French statesman, each with 
about 1,100 cc brain mass. The lists are topped 
by Dean Jonathan Swift, the English writer, Lord 
syron, the English poet, and Turgeniev, the Rus- 


lists are 


sian novelist, all with about 2,000 cc. The latter 
group has nearly double the amount of brain sub 





Fig. 4. Brain (two hemispheres) of a capuchin monkey 
(Cebus) viewed from above. The surface is not corrugated 
xcept for a few fissures on both sides. About 1/2 natural 
size. (After G. Retzius.) 
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stance of the first group, although the size of thet 
bodies does not justify such great dit 


Now ou test! Had Turge 
mental ability of Anatole France 


respective 
ferences. mental 
really twice the 
lf not, and if Turgeniev's body was not of elep| 

tine proportions, which structure ot the brain was 
increased in Turgeniev and the others to. sucl 


an extent that 1t answers tor the surplus welgl 


obviously dispensable even for un 
\natole 


with innumerable modern human 


cal functions? Gall, France, and Gat 


betta, together 

individuals of all races, could pertorm mi 
fs ’ ee ee , 

a brain mass which does not surpass 


addition, the 


by means of 


the brain mass of Peking man. In 
enlargement of the brain does not seem to havs 
reached its climax with modern man. Provided the 
available warrants such 


paucity of the material 


far-reaching conclusions, the climax may already 
have been reached in the Neanderthal stage the 
evolutionary stage that precedes that of modern 
man (Fig. 1, C). In any case, the average cranial 
Neanderthal 
greater than the average capacity of modern human 
stated that, at 


least for the majority of modern mankind, there 


capacity of the skulls available is 


skulls. On the other hand, it can be 


Is no increase of brain mass when compared with 
that of Neanderthal man. 
+ ? 


Thus far only the enlargement of th 


such, has been dealt with. There is in addition 


however, another kind of enlargement of the brain 


that goes hand in hand with it but obviously de 


pends—at least in part—upon the space of the 


cranial cavity in which the brain has to be accom 
surtace 


modated. This enlargement concerns the 


if the hemispheres. Their outer layer, the cortex, 


is the most vital part of the brain, since it is the 


main seat of the nervous cells. Together with thei 
connecting fiber system, it represents the switch 
board at all the 
periphery of the body 


which stimuli arrive from the 


and from which reactions 


and impuises emanate. The expansion of th 
tex is brought about by a series of foldings whicl 
transform the originally smooth surface into a 
confusing maze of wrinkles (convolutions and fis 
The greater the number of wrinkles, the 
larger will be the surface area and the more corte 


cells 


dated. Among the primates, the more primitively) 


sures). 


elements and fibers—could be 
organized the forms, the smoother the surface, and 
the more advanced the forms, the more compli 


cated are the convolutions: the climax is reached 
in man. 

Fossil brains, of course, have not beet pre 
but the 


spheres have left their 


surfaces of their hemi 


W rinkles ot the 


imprints on the cereb1 








side of the brain case, where they now appear as 
ridges. These negatives tell the same story as the 
wrinkles of the brain surface of living creatures 
(Fig. 1). In primitive fossil forms, the pattern of 
the wrinkle system appears simpler than in more 
advanced primitive forms. This can only be ascer- 
tained provided the wrinkles have left their marks 
on the walls, which, however, does not occur in all 
cases. In any event, the hominid pattern differs 
from the simian pattern. Each of the living anthro- 
poids has its characteristics (Fig. 5), although they 





Fig. 5. Brain of a chimpanzee viewed from the left lateral 
side. The surface of the hemisphere is wrinkled through 
out. About 1/2 natural size. (After G. Retzius.) 

have some features in common that make possible 
their distinction from man (Fig. 6). 

Again we have to state that when discussing 
the pattern of the surface of the hemispheres, pri- 
mates and man do not differ from other mam- 
malian orders with regard to presence and abun- 
dance of the wrinkle system. In the evolution of 
the horse, the surface of the hemispheres is smooth 
in the beginning, and their folding becomes more 
complex the more the neopallium increases in size. 
Indeed, this process is an almost general phenome- 
non, and any explanation confronts us with the 
same difficulties encountered in the attempt to 
interpret the increase of the brain size itself. We 
are lost again if we suppose that the number or 
the complexity of the wrinkles is correlated with 
progress or perfection of the mental faculties. The 
capuchin monkey (Fig. 4+), which many experi- 
mental psychologists and physiologists regard as 
equal in docility to any highly gifted chimpanzee 
(Fig. 5), possesses an almost smooth brain sur- 
face, whereas the chimpanzee has a wrinkled one 
that comes close to that of man. The whale and its 
relatives, however, again steal the show. They have 
the greatest number and finest wrinkles all over 
the hemispheres, and the most intricate arrange- 
ment, in the whole animal kingdom (Fig. 3). 
Many human and comparative anatomists have 
spent vears classifying and identifying all the in- 
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dividual convolutions and fissures occurring j 
different orders of mammals. It may be possil 
distinguish the brains of gorilla, orangutan, « 
panzee (Fig. 5), and man (Fig. 6) from on 
other by this method, but only main fissures \ 
represent the first folds both in ontogenetic 
phylogenetic evolution are recognizable and 
parable. Their location obviously depends 01 
manner and rate of growth of the hemispher: 
relation to that of the brain case. Except for 
basic pattern, the variability is enormous; it 
fers greatly with regard to the number, le: 
breadth, depth, and arrangement of the wrin 
not only between two individuals of the same 
logical group or race, but also between right 
left hemispheres of one and the same indiy 
(cf. the two brains of modern man in Fig. 6 
is therefore hopeless to expect any result or « 
indication with regard to certain mental faculti 


degrees or differences—by such a compartsot 


IN THE face of all these facts it is hard to und 
stand why people cannot get rid of the idea tl 


mere size or configuration of a special convolut 
or fissure must give a clue to the mental qual 
in general and te those of certain individuals 


particular. The desire to gaze into the crystal | 


seems to exist not only among the clients of 
tunetellers but also among scientists. 


One hundred and fifty years ago phrenologists 


indulged in palpating the head and the skul 


look for bulges on its outside; from their prese: 
or absence they deduced the presence or abset 


of psychical qualities which they regarded 





Fig. 6. Two brains (hemispheres) of modern man (| 
pean) viewed from above. A, a 29-year-old female ; 
37-year-old male. Demonstrating the extraordinary 
ability of the wrinkle system. The left brain exhibits al! 
double the number of convolutions and fissures 
right brain, and its convolutions are correspond 
narrower. Note, in addition, the differences in the « 
sion and arrangement of the wrinkles between the 
and right side of the same brain. About 1/4 natural 
(After G. Retzius. ) 
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the 


logists which underlay this reasoning has 


localized. The basic conception ot 


2 


anged in the course of time in spite of the 
real progress made in our knowledge of the struc- 
fire of the central nervous system. The search has 
oni\ shifted to a different type of indicator of hid- 
gen ability; now it is supposed to be manifested 
by bulges on the surface of the hemispheres them- 
bel s, which allegedly tell of right- or left-handed 
hess, the faculty of speech, musical or mathemati 
fal talents. One wants to find out whether certain 
human races differ from others in their wrinkle 
patterns and whether those differences are indica 
tive of spiritual inferiority or superiority, etc. Of 
course, there may be more justification today for 
such a search than in former times. Owing to 
pathological incidents and experiments, it is known 
that certain areas of the cortex are the centers of 
certain perceptions and impulses. They can be 
Jocalized fairly accurately, and their nature can be 
defined. It is furthermore known that those centers 
are marked by characteristic microscopic structures 
which permit identification wherever they may be 
found. It is also known that those differentiations 
jn the structure are not at all bound to the con- 
yolutions as such but only to certain areas of the 
hemispheres, regardless of whether this area is 
smooth or wrinkled and, if wrinkled, to what de 
rree or extent. As a matter of fact, surgeons are 
able to remove large portions of the hemispheres, 
which may result in a temporary or permanent 
Joss of sensibility or power of movement if certain 
areas are affected. But the defect, as such, does 
not necessarily interfere with psychical functions 
or endanger purely mental ones. Modern “psycho 
surgeons” deliberately destroy fiber systems of the 
frontal lobe, widely considered the main seat of the 
intelligence, effecting a return to almost normal 
reasoning power of some persons formerly con 
sidered incurably mentally deranged. 

Therefore, the claims of paleoanthropologists, 
for instance, to the effect that Neanderthal or Pek 
ig man was right- or left-handed, was able to 
speak or write or could only stammer, all deduced 
from shallower and narrower or deeper and 
broader impressions on the inside of the brain 
case, have no scientific basis even if the interpre 
tation of the imprints could be accepted as correct. 

lf the variation of a normal human brain from 
average to almost double its usual size and the mul 
tiplying of the individual wrinkles of the hemi 
Spheres have no bearing on mental functions, how 
can a strictly localized bulge produce such a1 
effect? On the other hand, thorough studies have 
revealed a surprisingly perfect equality in weight 
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| emusp! eres 


ie individual, irrespective of all eventual 11 


and surtace area between the two 


the sar 


equalities in details of their forms (Le Boueq, H 


H. Donaldson). Unilateral bulges are the result 
| 


Olt asvinmetries of the brain case or, if thev are 


bilateral, the result of changes of the whole skull 


form, Artificially deformed heads or skulls enclos« 
brains with abnormal bulges, depressions, or asym 
metries on the surface of one or both hemispheres 


according to the character of the applied detor 


mation. But it has never been reported that the 


people so deformed behave conspicuously ditte 
ently from others of the same population with not 


mal skulls; nor do they show any change in thet 
mental faculties. 

The faculty of the brain to adjust its form and 
that of its main parts to any form enforced on the 
enclosing brain case by altering body conditions is 


extraordinary. One of the most characteristi 


tures of all known earher honmunids, including 


Neanderthal man, 


brain case in proportion to the length, irrespective 


is the flatness of the brain and 


of the size of the brain and the capacity of the 
brain case (Fig. 1). In all modern human races 

whatever the brain size or skull capacity—the vet 
tex region 1s distinctly elevated (Fig. 1, 1) and 


the length of the skull base is shortened hes 


ditferences are the effect of a sharp bend of the 


base of the brain case (Fig. 7) which runs in a 


straight line in quadrupedal animals (Fig. 7, 
hominids 


even in the great apes (Fig. 7, /). Early 
(Solo man) are in an intermediate position in this 


h 


regard. The transtormation of th human 


stati 


moder 


skull is the final result of a change in the 


and dynamic conditions entailed by a more perfect 
adaptation to man’s upright position (Fig. 7, ( 

Phat this alone is responsible for the alteration of 
the form otf brain and brain case can be deduced 
from the fact that in whales and related forms 
(Fig. 7, D) thei 


almost exactly the same change takes place, with 


regardless of the size of brains 


one remarkable ditference—that 1s, the bend 1s re 


versed. The base of the brain case is cur 


ward in accordance with a perfect adaptati 

the skeleton of these animals to fast and powerful 
swimming and diving. 

ither the size 


\ll recorded facts indicate that ne 


nor the form of the brain or the surface of the 
hemispheres or their wrinkle pattern in general o1 
in detail furnishes a reliable clue to the 


and degree of general or special mental 


Nevertheless, there seems to be a paralle 
the expansion of the hemispheres, the advance ot 


the bodily evolution of man, and the increase of 


mental qualities. But no one can tell what the 








of those correlations may be. In any case, this is a bony case which lodges the brain an 
problem that principally concerns neurologists and which both arteries and veins pass ar¢ 
psychologists. Fossil human material can, if at all, wider in modern man than in earl) 

furnish only circumstantial evidence. There have There is a definite tendency for thes: 
been suggestions that blood supply may play a communication between the cranial cavit 
decisive role in the differences between the psychi- outside to widen in the course of evoluti 
cal functions of notable brains and ordinary ones. of a general trend to reduce the thick: 
If this is so, it may also be true for the difference cranial bones, which are surprisingly 1 
between the brains of early hominids and those of early hominids. In general, the passag 
modern man. Indeed, the holes and gaps of the the brain case are distinctly narrower i1 
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Fig. 7. Demonstrating on mid-sagittal sections through the head the extent to which form and orientation of 1 
and its parts depend upon the form of the enclosing brain case and its adaptation to a change in the postu! 
body. A, example of quadrupedal horizontal orientation of brain case and spine, adult lemur; B, example of 
posture, young chimpanzee. C, example of perfectly erect posture, adult European. D, example of a fast-s\ 
and diving animal, adult dolphin. In A, spine and spinal cord meet brain case and brain directly from behi 
they meet brain case and brain from behind and below. In C, they meet brain case and brain directly fro 
In D, they meet brain case and brain from behind and above. The base of the brain case (hatched as the ent 
case) forms a straight horizontal line in A; a straight inclining line in B; a downward bend to nearly a rig 
in C; and an upward-directed curve in D. The brain and its parts: (cc, corpus callosum; h, hemispheres ; m< 
oblongata; sc, spinal cord) closely reflect in course and topographical relations the changing conditions. (A, ( 
after F. Hochstatter.) A reduced to 1/2 natural size, B to 1/4 natural size, and C and D to 1/3 natural size. ( 
breviations; cb/, cerebellium; fo, occipital foramen; /7, lower jaw; m, mouth; msl, cervical muscle; , nose; / 
uj, upper jaw. 
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phologically more primitive than others 


lata with regard to differences in their 
available for small- and large-brained 
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id. 


‘r point may be of some interest. It is 


- 


hat in lower vertebrates the mass of the 


rd is greater in proportion to that of the 


= 


in in mammals. Even compared with the 


5 


7 


“4t apes (gorillas), the mass of the spinal cord 


iodern man seems to be much smaller. This 


ead 


Saggests that the brain tends to “swallow” the 
spinal cord and thereby to bring more reflex cen 
ters under control of consciousness. This certainly) 
broadens the basis of psychic reaction. 

As to the size of the brain, its white substance 
largement. But the great accumulation of myeline 
if these fibers used as insulation material may not 


(medullated nerve fibers ) profits most by the en 


be its only purpose. Hollow spaces within the bones 


are used 1 all Matlmais as storage rooms 
] 


‘ ‘ithe laden ns ey BE coats Beis 
and for the lodging Of Organs ot Diood tormation. 


It may be that the central nervous system not only 


unction but also serves as storag 


has a nervous 
tor some stuft which ts an essential in the me 
organism. 


lism of the 


lo return to our starting point: the course of 


man’s bodily evolution can be clarified by the stud) 


} 


1S done DV people 


] 
| 


of fossil human remains if it 
trained in comparative human anatomy. But stu 
ies made on skeletons alone will never enable us 
to make statements about either the mentality of 
the individuals concerned or about mental change 
or progress over a period of time. Cultural objects 
are the only guide so far as spiritual life is con 
cerned. They may be fallacious guides, too, but we 
are completely lost if those objects are missing. 
And the closer we come to more primitive stages, 


the less likely we are to discover cultural objects 
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As from the darkened and bewildered deep, 


Soundless and slow the ocean currents rise, 

And breast the night, and climb into the skies, 
Till black waves break against the whitened, steep, 
Desired cold continent of the moon, and leap 
(The starry lights about them, all the dyes 


Of heaven flashing where the spent spray flies) 


And, foaming earthward, fall at 


] 
| 


eneth to sleep 


So man above the ocean of his days 


sy search and knowledge climbs until he sees 
About his head the stars. About his knees 
The world awaits, and when he’s home again, 


Though he grow humble, earthly all his ways, 


A shining’s there, and the high stars remain. 
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THE BASIC POSTULATES OF PSYCHOLOGY 


W. EDGAR VINACKE 


After receiving his Ph.D. from Columbia in 1942, Professor Vinacke spent two years 

with the Civil Aeronautics Administration in research on the problems of selection and 

training of aviators. He has been assistant professor of psychology at the University of 
Hawati for the past two years. 


HE science of psychology has been develop- 

ing and growing for almost seventy years. 

Its origin, in modern terms, is generally 
dated from the vear 1879, when Wilhelm Wundt 
established the first psychological laboratory at 
Leipzig. That historic event marked the culmina- 
tion of a long gestation, during which psychology 
was grown out of physics, physiology, philosophy, 
and even astronomy. Wundt started psychology oft 
on its extensive experimental career, but the psy- 
chology of today would hardly be recognizable to 
him and his colleagues. A great deal of the period 
since 1879 has been devoted to controversy, as 
everyone knows, between a succession of com- 
paratively narrow viewpoints. The most famous 
of these in America are existentialism, functional- 
ism, behaviorism, and gestalt psychology. Psycho- 
analysis and related schools should be added to 
this list, although they were developed by psycho- 
pathologists, since they have profoundly influenced 
(and frequently annoyed) psychologists of all 
kinds, 

It is not my intention to review these controver- 
sies. That has already been well done by half a 
dozen psychologists. Such writers usually end by 
pointing out that each school makes its valuable 
contribution, but that most psychologists are eclec- 
tics and do not subscribe to any single viewpoint. 
They suggest that the future will evaluate various 
theories and ultimately combine them into a uni- 
fied system, Perhaps the time has come to begin 
this task. This article is an attempt to formulate 
the main outlines of psychological thinking as it 
exists today, not with respect to specific problems, 
but in terms of the axioms, so to speak, that have 
become established during its formative period. 
Students in psychology classes frequently worry 
over the apparent lack of agreement among psy- 
chologists, and other scientists have reactions 
varying from amusement to disgust in this regard. 
My thesis is that, actually, all modern psycholo- 
gists stand on approximately the same general 
platform, which may be called the “psychological 
viewpoint.” 

It is to be hoped that the formulation of this 
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viewpoint will serve a double end. © 
hand, it may indicate that there is a 
ical viewpoint,” the fruit of past thin! 
human behavior, Thus, other scientists 
to understand better what psychologists 
ing nowadays. On the other hand, it 
the function of an examination of wher: 
on historical issues. 

Many omissions will probably be evide: 
to be sure, are intentional, either becaus 
eral agreement as yet exists or, perhaps 
psychology today does not deal with su 
Running the risk, then, of incompleteness 
lowing postulates are advanced to define 
ern “psychological viewpoint.” 


I sHALL develop thirteen general pro 


which seem to me to characterize moder: 
in psychology. 

Postulate 1: The material of behavior 
fundamental variables are present in the 
havior of all human beings, although al 
of these variables may be 
between individuals are largely differen 
gree rather than of kind. 

The foregoing postulate is not intend 
vey the idea that all people are alike; far 
Apart from the fundamental variables, « 


there are innumerable other variables that 
unique to an individual, a group, a sex, 01 


The argument, on this point, largely con 
formulation of what constitutes abasic 
The problem is to isolate and state these 


in cooperation with the other sciences of 1 


For the present purpose, a fundamenta 
may be regarded as a broad, generalized 
nant of behavior in the organic structure 


or in the world that confronts him, or i1 


tionship between organism and world. 
mental variable is, so to speak, a starting 
behavior. 

The main point here is that psychologi 
in these terms. Glance at any of the lead 
books in introductory psychology. One fit 
ments of a wide range of subjects, from 
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tivation, through sensory processes and 
nm, thinking, learning and memory, etc., to 
ial differences and personality. In all these 
although 


~ 


sumption 1s tacitly made that, 
differ, they all function in the same general 


1) 


ind face essentially the same problems. 
following examples illustrate this basic 
of psychological thinking: 


mic drives. Although no final list of organic moti 
ng factors has been presented, and although different 
terms are used for the same phenomena, we can say that 
sex, hunger, thirst, and oxygen-inspiration drives 
universal, leading to positive approaching behavior. 
Contrasted with these are others leading to negative ac- 
tivity, such as excretion and avoidance of injury. The 
ultimate role in individual behavior of such drives is an- 
ther matter; at least they enter into the development 

each individual to some extent. They are starting 
points on the organic side of long chains of behavior 
processes. 
Group adjustment and institutionalised behavior. All 
individuals are confronted by other people and organized 
group codes, if only during the helpless period of in- 
fancy. All individuals are influenced to some extent by 
these factors. The fact that established codes or norms 
confront the organism is a starting point on the side of 
the external, real world. 

Learning, memory, and higher thought processes. AM 
individuals are modified by dealing with the environ 
ment, retain least, of this 
make use of it in dealing with later problems. Apparent 
ly, some specific laws can be stated in this connection, 
such as that forgetting is most rapid immediately after 
learning, and then slower; and that two tasks done in 
succession and similar to each other are less efficiently 
learned than two dissimilar tasks done in succession 
Sensory processes. All people possess variations of the 
same general sensory functions within quite specifiable 
limits. Thus, the range of human hearing 1s 20—20,000 
cycles per second, and the average reaction 
visual stimulus is 200 ms, which is somewhat 
than reaction time to sound. (In this discussion, we have 
not considered some special qualifications, as with re- 
gard to feeble-minded or other exceptional persons who 
would represent the extremes. Cf. Postulate 3.) Exam 
ples c and d represent factors of organism-world rela 
tionships as determinants of behavior. 


some, at experience, and 


time to a 
slower 


Postulate 2: Uniqueness. Every individual, as a 
total personality, is different from every other in 
dividual, as a result of past experience in con 
junction with heredity, because no combination of 
factors is ever precisely the same for any two 
individuals. 

The foregoing axiom is not a contradiction of 
the first, but a further, and essential, development 
of it. The chief argument is the dividing line be- 
tween an individual and general characteristic, or 
how general a psychological law can be. As G. W. 
Allport has pointed out, “A general law may be 
a law that tells how uniqueness comes about.” The 
latter kind of law is necessary, as the modern and 


August 1948 


complex study of personality 1s repeatedly det 
mstrating 

We car hat hologists do not ionore ¢} 

e Can say that psychologists do not 1gnore 1¢ 


1 1 1 1 
uniqueness ot the even when thinking 


a ots ‘ 
in terms of Postulate 1. They 


recognize That tiie 
1 


interplay otf basic behavior variables, cultu 


OToOl! influence 1d discipline nd “ace 
group Inhuences and ¢ IScIpHnes, and ACCI 


situations and experiences add up to umique total 


personalities, 1f only because the combinations and 


permutations are so enormous in number. This 
feature of the psychological viewpoint 1s a prime 
reason tor the inclusion of long chapters on pet 


; 
which are other 
The 


extensively indoc 


modern textbooks, 


terms of Postulate 1 


sonality in 


Wise tramed in more 


advanced student is far more 
Postulate 2 


velopment of the field 


trinated in terms of Che modern de 

Ol personality Is largely 

concerned with it 
Postulate 3: Normal 


a relative matter : 


‘Normal behavior 1s 


1 1 


itis that behavior which charac 


terizes most people within a given cultural group 


(with certain privileged exceptions, such as the 


artist). “Abnormal” behavior 1s extreme deviatio1 


given average point in terms of a defined 


Irom) a 
variables 


variable, Ol group ot 


[his postulate is primarily statistical. It ex 


plodes the fallacy that people are separable into 


distinet types (a feature of naive, everyday think 


bv the way) and states that people who dittet 


ing, 
widely, sav, in introversion-extroversion, are sim 


ply extremes of a continuum where most 


peopl 


are neither markedly “introverted” nor markedly 


“extroverted.” In other words, the normal prob 
ability distribution is now regarded as characteris 
tic of most, 1f not quite all, psychological variables 
In discussing “normal” 


~ 


people, therefore, the 
psychologist IS making no qualitative distinctions. 
the 
Since it happens that modern psychology 1s_ pri 


f Western 


3 in terms of its frame of 


but is simply dealing with average persot 


marily a development « culture, we 


should quality Postulate 
reference, Implicitly, the American psychologist is 
most 


\merican individuals (in terms of Postulate 2 


thinking about that behavior characteristic of 


1.e., over and beyond the fundamental variables 


It would be a valuable project for a group of 
Hindu or Chinese psychologists to develop a nor 
mal psychology of Hindu or Chinese people. T: 
some extent this kind of development is no doubt 
occurring in Soviet Russia. In any event, it is evi 
dent that normality, as we have defined it, mav be 
very different in different cultures. 

The concept of “abnormality” is a corollary of 
that of “normality.” It is that behavior which de 


viates to an extreme degree from the average, 
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whether with respect to intelligence, adjustment to 
the group, emotional-motivational behavior, etc. 
The “abnormal” is therefore only an arbitrary and 
fairly extreme distinction from the normal. 

Postulate 4: Physiological concomitants, Every 
manifestation of behavior in an organism (here, 
the human being) occurs in association with some 
physiological change ; no human behavior can take 
place without some change in the organism. 

Not much comment is required here. Stemming 
largely from the arguments of the behaviorists, 
modern psychological thinking rests upon the as- 
sumption (as yet it is often only an inference) 
that the organism functions in terms of its struc- 
ture and the properties of its organized tissues. 
Even a thought, however original or untraceable 
in origin it may seem, nevertheless depends upon 
some activity of the nervous tissues. Even an emo- 
tional impulse is somehow a_ chemicophysical 
response. 

Postulate 5: Heredity-environment. The human 
organism, like all living things, is the joint prod- 
uct of heredity and environment; no aspect of the 
behavior of an individual is entirely independent 
of either heredity or environment. 

One of the great controversies in psychology, 
and one vital to most psychologists, concerns the 
contribution to behavior of “nature” and “nur- 
ture.” In a sense, there are two aspects of the 
problem. On the one hand, the effects of hered- 
itary and environmental factors on behavior may 
be rather neutrally examined; on the other, an in- 
evitable assessment may be made of their relative 
importance. In any event, despite wide divergences 
of opinion on the latter point, nearly all psycholo- 
gists today recognize the joint contribution to de- 
velopment of both factors. If the current standard 
textbooks be regarded as representative of psycho- 
logical thinking, Postulate 5 must be regarded as 
valid. 

Evidence for the truth of Postulate 5 is singu- 
larly difficult to obtain, to be sure, because of the 
difficulty of controlling and measuring the develop- 
ment of human beings. One of the wisest and most 
careful of psychological observers, R. S. Wood- 
worth, has made an admirable study of the evi- 
dence. Reviewing the studies made of twins (iden- 
ticals and fraternals), foster children, and children 
in institutional homes, he presents a clear analysis 
of the present status of the problem. The total pic- 
ture is one of the inseparability of hereditary and 
environmental factors. In any event, we cannot 
now say that either heredity or environment is the 
important factor in development. Both jointly de- 
termine ultimate behavior, in a complex interac- 


112 


tion, ina multiplicative (since neither can | 
rather than additive sense. It must rest he 
further work has been done. 

Postulate 6: Socialization. Human beh: 
any sort can be fully understood only in t 
the social context in which it developed 
which it functions. 

It is in connection with this postulate t! 
anthropologists have made the most valual 
tributions to psychological thinking. As was 
under Postulate 3, general psychology fre 
takes the social context for granted, simpl) 
it is common to both psychologists and stude: 
the fields of personality and social psycholog, 
ever, it cannot be tacitly assumed, but must be « 
amined, The result is that “human natu 
shown not to be more or less the same the 
over, but that the human individual is a cor 
“organism-in-society.”’ Hence, the current int 
in attitudes, for example, as one area in whi 
dependence of the individual upon his society 
most readily (although not easily!) studied. 

Postulate 6 may not seem to harmonize 
Postulate 1, but there is no actual contradictio: 
Postulate 6 we are dealing with activity in p 


ress, so to speak, and the behavior that develo 


during the life history; in Postulate 1, 
primarily with the starting points of behay 


we (de 


which are quite rudimentary and largely undete: 


mined in their ultimate direction and expressio1 
Psychologists nowadays have learned to be ca 

tious in ascribing to “human nature” any aspect 

behavior without at least taking account of the 


plications of Postulate 6. Indeed, they have crit 
ine 


cized Freudian psychoanalysis in precisely 
terms. They beware, now, lest ethnocentris! 
any variety befuddle their thinking. 

Postulate 7: Objectivity. No interpretatiot 
human behavior can be fully accepted unless it 
founded on fact substantiated by scientific evider 

No particular comment is necessary. Tod 


psychologists, keenly aware of the difficulties 1 


volved in the study of behavior, and strong] 
fluenced by the standards of other sciences (1 


so, sometimes, than scientists in those other fields 
think in careful methodological and evaluati 
terms. They beware just as much (more, in fact 


of egocentrism as of ethnocentrism. True, there ' 
still a long way to go, but every modern reputab! 


psychologist receives intensive training in terms ‘ 


Postulate 7. The behaviorists are especially + 
thanked for this trend. 

Postulate 8: Finality. In the study of human ! 
havior, no interpretation, conclusion, or lav 


necessarily final, but is given in the light of t! 


THE SCIENTIFIC MONTHI 


\ 





facts ali 


able, as 


is modi 
continue 
Mode 
on leart 
be recos 
years a 
himan 
to be de 
igs, an 








bist | nt knowledge; allowance must be mace 
far ssible operation of unknown or uncot 
tre iriables, and for other possible limitations 
of 8 dge or outlor kk, 

q statement, also, requires little comment, 
sin s no doubt basic to all fields of inquiry. 
Jé means that psychologists, on the average, do not 
pret to have all the answers. They continually 
fri improve their methods and to push fur 


ther the frontier of our understanding of man; they 
rally examine and retest their existing ex 
perimental results and theoretical formulations 
Psychologists are still hazarding hypotheses and 
gnducting investigations. 


more complacent, arbitrary, or pedantic than other 


| S\ chol gist S are no 


gientists, who also retain a sense of curiosity, of 
qiticism. The realm of understanding has not yet 
been conclusively defined. 

Perhaps more than any other, Postulate 8 is the 
reason for writing this article. It reflects the fact 
that in the history of psychology we have often had 
to change our interpretations of behavior as new 
facts and theories emerged. Thus, it becomes valu- 
able, as in the present instance, to formulate our 
position as of the present. But it is not necessarily 
an absolute or final formulation. The psychology 
of the future may force us to revise or reject our 
basic postulates or to add new ones. 

Postulate 9: Modification. Human behavior is 
fot static ; the individual develops and his behavior 
ig modified and remains modifiable as long as lite 
continues. 

Modern psychology, with its intense emphasis 
on learning, development, and activity, would not 
be recognizable to psychologists of fifty or sixty 
years ago. No modern psychologist thinks of a 
fitman being as a static, largely unvarying thing, 
to be described in terms of sensations, images, feel- 
igs, and ideas. Instincts, as universal, fixed deter- 
Mnants of behavior, have been rejected. Even if 
Certain innate forces do exist, it is now being 
shown, even in lower animals, that they are modi 
fable when conditions change. 

Similarly, the relationship between childhood, 
adolescence, and adulthood is now continually em- 
Phasized and studied. Nor is prenatal development 
ignored. Modern psychology is no longer that of 
@ adult (primarily male), of twenty to forty-five 
Years of age, who resembles a mounted specimen 
if a museum showcase. Rather, man is studied in 
trims of continuous growth and function, literally 
ffom conception to death, Thus, even when adult 
Behavior is the focus of attention, it is not con 
Stlered to be rigid, and senescence will become an 
a 


rtant field of research in the future. 
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Pos te 10 leasure Potentially, all 
i i\ rca he easured and deseribe 

[his postulate imphes that, however mysterious 
some aspects of human behavior iv be ev are 
ultimate inderstandable scientific terms. All 
too frequently, the modern psychologist) must 
quality his interpretations with the statement “We 
are not vet sure,” or “That has not vet been detet 
mined.” However, most psychologists are certain 
that sooner or later investigation will uncover the 


behavior. 


Divers 


still-hidden facts o1 
Eee 


and has been, interpreted trom ditterent 


Clas. 


Postulate 


Mav be, 


viewpoints, no one of which is necessarily right o1 
wrong, and all of which may contribute to com 
plete understanding. 

Postulate 11 is the modern eclectic viewpoint 
and reflects a moderate approach to the assertions 
and theories of ditferent ‘schools.’ Glance through 


any standard textbook on psychology or the bibliog 
raphy of almost any article that deals with a get 
eral problem. It will be apparent that all the 
“schools” are repre sented. In the tormer cast , Lilie 
history of the great controversies 1s presented in 


disguised form. For example, the chapter on moti 


vation and personality will reflect: psychoanalytic 
contributions; the chapter on learning will prob 
ably owe much to behaviorism; the chapter o1 
sensory processes can be traced, in part, to Titel 


ener; and the chapter on perception will leat 
ven Wilham James 


will enter into the discussion, at least in the chaptet 


heavily on gestalt psychology. 


on emotion. It is no wonder that the modern ps\ 


chologist thinks in terms of Postulate 11. He is 
historically determined, as E. G. Boring has 


sagely pointed out. 
Postulate 12: 


aspects, or parts, of human behavior art 


Fra fionation, If, for convenrence, 


studied 


separately (or if apparently divisible units are 


analyzed), it cannot be fully understood or de 


] 
+ 


scribed in terms of these elements, I] 


but must finally 
be viewed as a whole organization. 
The above statement sums up the most signifi 


1 ] 1 


cant contribution of the vestaltists tO psvcnolog 


thinking. So insistent have thev been, and sé 
ticulate, that psychologists of the present think less 
in terms of units (such as sensations, images, and 


conditioned reflexes) and more in terms of pat 
terns and sequences. No aspect of behavior is seet 
as separate and distinct from other aspects; th 
activity in progress at the moment is viewed i 
relation to the total state of the organism, as o1 
evanized on the basis of past experience, 
current functions, and even, when necessary, fore 


sight or planning for the future. 


~ 








Although the gestaltists have dealt most exten- 
sively with visual perceptual processes, psycholo- 
gists have been markedly influenced by them in 
other connections also. Referring once more to 
standard texts, one would find in nearly every 
chapter sections devoted to the relationships be- 
tween diverse phenomena, functions, and activities. 
There would be found many cautions against frac- 
tionating behavior, toward the end of. showing the 
total individual, not as a sum of elements, or a 
composition of units, but as a complex interrelated 
organization of continuous patterns, functions, and 
processes. 

Postulate 13: Dynamics, All human behavior has 
a cause. 

Freud contributed to psychology, as much as 
anything else, the important viewpoint that mental 
processes, emotional impulses—indeed all activities 

are dynamically caused, that there is a reason for 
their occurrence. No matter how irrelevant, acci- 
dental, or inexplicable a person’s behavior may 
seem, it does not occur simply at random, but stems 
from some actual, though perhaps concealed, source 
within the individual. Psychologists now appear to 
accept this idea. 


Postulate 13 may, perhaps, be regar 
correlate on the psychological side of Pi 


IN THE foregoing discussion I have e1 
to set forth the broad outlines of the cur 
chological viewpoint, with some measure 
cal perspective. The era of “schools” is al 
in psychology, as Keller observes. Th 
psychologist no longer troubles himself \ 
with them, save in historical surveys, 
standard textbooks represent fairly well a 
of them. I believe that the average student : 
substantially the viewpoint presented aboy 

This article is designed to present tl 
framework of this thinking for the conside1 
other scientists. All too often there is dou 


what it is, and whether any progress has be: 
Actually, psychology has shown a healthy 
ment, as a result of a vast and lively bod 
perimentation and systematic thinking. 


this growth displayed the slightest sign of dit 


ing return, On the contrary, these paragray 


be regarded as the discussion of a temporai 
dition, really the bare minimum of conceptu 


tion in psychology as it exists today. 


Photographic Exhibitions 


Entries in the Second Annual International Photography-in-Science Salon will be re- 
ceived by The Scientific Monthly July 26-August 16, 1948, inclusive. They will be 
judged on August 21, and those accepted will be shown in the Natural History Build- 
ing, U. S. National Museum, Washington, September 1-21. Already booked through 
April 1949, showings after that date may be arranged. 


The Biological Photographic Association will hold an exhibition in Philadelphia, Sep- 
tember 8-10, in Houston Hall, University of Pennsylvania, at which prints, color trans- 
parencies, and motion pictures in the field of biological photography will be shown. 
There will also be organized symposia and demonstrations. 
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man is enabled through his moral faculties to keep 
, m unchanged body in harmony with a changing «uni- 
-yyse-—Alfred Russell Wallace (quoted by Charles 


Darwin). 

AN’S behavior is a part of man himseli, 
and his history and culture, which have 
helped to shape this behavior, are parts 

of his evolution. This premise must, | believe, be 
accepted before attempting to view human evolu 
tion in its entirety. For purposes of analysis, one 
may choose to treat human evolution at a purely 
biological level, but in doing so it should be rec 
ognized that a part of the total picture is being 
emitted. Man's influence upon evolution in 
reneral, resulting from the environmental changes 


( 
5 
1 


he has created on the surface of the earth, 1s a 
factor of rapidly increasing importance. Can we 
neglect this factor in evolution even at the biolog! 
cal level? And, conversely, it should be admitted 
that the factors that account for organic evolution 
may not be sufficient to explain the whole of human 
evolution in the above broad sense. If I view the 
matter correctly, misconceptions occur not infre- 
quently because of failure adequately to analyze 
the factors involved; and it is with the hope of 
dispelling some of these misconceptions that this 
article has been written, not to introduce any novel 
biological principle. 

What I shall emphasize is that certain main 
principles underlying the behavioral aspect of hu 
man evolution are not only different from those 
upon which organic evolution is based, but that 
they need to be regarded, quantitatively, in a quite 
different manner. In the end we shall arrive, | 
believe, at a point of view harmonious both with the 
ideas of the evolutionary biologist and of those 
more immediately concerned with the humanities. 

Let us first examine very briefly the essence 
Es 


sentially, it involves variation by genetic mutation 


of the neo-Darwinian concept of evolution. 


jand recombination, and natural selection by elimi 
mation of the least-fitted to the environment and 
AAAS 


} *From an address presented before Section L, 
aD. mber 1946, 


fugust 1948 


article below was written 
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isolation ot the old from the new Strictly. the 


phenotype—the individual as outwardly expressed 


is the point of impingement of natural selectior 
but it is the genotype—the genetic individual—that 
must be “selected” in order to accomplis evolu 
tionary change. I shall assume without reserva 
tion that these principles apply to the evolution of 
man both in the past and in the present, rejecting 
the Lamarckian concept of inheritance of acquired 
characters in any biological sense. This is the point 
of view generally accepted by biologists, and | wi 


— 


not be concerned herein with the question of 
whether it 1s adequate to describe all organic evolu 
tion, which question has relatively little bearing 
upon my thesis. 

In rejecting the concept of inheritance of char 
acters acquired within the lifetime of the individual, 
it may be pointed out that the history of attempts to 
demonstrate by experiment the existence of such 


a mechanism has been one of consistent failure 


formulate a 


Even more pertinent is the failure t 
reasonable theoretical explanation for such in 
heritance of genetic characters. The concept has 
always been a more or less tempting one because 
by accepting it all the difficulties of expl 
by cle fit 


alning 


adaptati nm to environment are removed 


possibly 


tacitly a 


tion, as it were, Charles Darwin himsel| 
in despair of any other explanation 
cepted the concept in formulating his theory of 


“pangenesis, ” which he developed subsequent t 


the appearance of the Origin of Species in 1859 
and set forth in his Descent of Man in 187] 
Pangenesis was quite widely accepted until it was 
rendered untenable by the development of modern 


genetic theory It is of historical interest that the 
concept of inheritance of acquired characters, to 


directly Opposed, 


flourished for a considerable period under the aegis 


which modern Darwinism is 
of Darwin himself, and subsequent to his formula 
tion of the concept of natural selection upon which 
his fame deservedly rests. 

The individual. 


a species with his species mates, it is usual to study 


In comparing the individual of 
one aspect at a time. 


If this aspect is measured, 
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it is always found to vary, within limits, from in- 
dividual to individual. Thus, measurements of a 
given aspect Y—which may be the height of a tree 
or the weight of a man—are found to distribute 
themselves among the population in a manner 
something like the curve 4 in Figure 1. For the 
greater proportion of the individuals in the popula- 
tion, aspect X has a value near the mean, the pro- 
portion decreasing as we move away from the mean 
in either direction, until the extremes are repre- 
sented by only a very few individuals. 








Phenotype Aspect X 


Fig. 1. Scheme to illustrate the distribution of a given 
aspect YX, within a species, A, and within pure genetic 
lines isolated from that species, A:, As, As. The curve 
drawn is that for a normal distribution and may be re- 
garded as the “ideal,” whereas those distributions actually 
found in nature are likely to be skewed or otherwise 
modified from this basic form; but for simplicity we may 
assume that this distribution is characteristic of any as- 
pect with which we may be concerned. 


If individuals from one extreme of such a distri- 
bution are selected and bred together, and selection 
repeated in like manner for the offspring, a pure 
breeding line may be obtained which will show less 
variation of the individuals with regard to this 
aspect. Such a pure line might have a distribution 
like that indicated by curve A, in Figure 1. The 
pure line is established within a few generations, 
after which further selection within this line will 
not result in further narrowing of the distribution, 
and it is to be concluded that this occurs when 
all the individuals with the pure line have iden- 
tical genetic make-up, at least as regards the aspect 
under study. By this process of selection and in- 
breeding, it may be possible to obtain several] pure 
lines, as indicated by the curves A,, As, and Az; in 
Figure 1. Within these pure lines, genetic uni- 
formity has been arrived at, but not complete 
uniformity of the group as outwardly expressed by 
the individuals. At least some of the individual 
variation may be due to inequality of environment, 
but this of course has no influence on the genetic 
make-up of the individuals. Since its demonstra- 
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tion by Johannsen early in the century, suc 
tion of pure lines has been carried out 11 
species of plants and animals. No such exp 
has been performed on man, of course, but 
every reason to expect the same kind of res 

There will occur rarely among the popul 
a pure line an individual with a somewhat d 
genetic make-up as regards a_ particular 
This is called a mutant, or sport. If a poy 
composed of the offspring of such a mut 
dividual could be immediately isolated as 
line, and compared to the original pure Ii 
which it arose, the distribution of aspect .\ 
two pure lines might be respresented by thi 
A, and B in Figure 2, this aspect being « 
uted about different means in the two cases 
tually, it is not possible to isolate the mutant 
immediately, but by conscious selection on t! 
of man this could be accomplished within rel 
few generations. 

In nature, the isolation of such a line woul 
longer, but if the mutant line were in son 
better fitted to the prevailing environment tl 
original line, its proportion in the population 
tend to increase, and it might eventually don 
or under proper circumstances eliminate it 
decessor. This represents the process knovy 
natural selection, and such selection of mit 
forms is the basic mechanism by which evolutio: 
the neo-Darwinian sense is accomplished. (1 
and some other of the statements regarding 1 
tion and natural selection have been oversimp! 
here for the sake of brevity. ) 

A 8B 


/ 





Phenotype Aspect X 


Fig. 2. Scheme to illustrate the distribution of as} 
in a pure genetic line, 4;:, and a mutant therefrom, / 


Thus far the discussion has, for the sal 
simplicity, dealt with one aspect only. To descr 
a population completely would require the descr 
tion of a myriad of separate aspects, and this « 
only be accomplished with a_ three-dimensi 
diagram. To make such a diagram one mig 
place face to face a great number of sheets of 
each having the shape of, say, the area under 
A, in Figure 2, each sheet being suppos 
represent the distribution of a different asp 
closely related aspects being placed next each 


THE SCIENTIFIC MONT 














s way might be constructed a block shaped as 
sented in Figure 3, which would describe the 


lation completely as regards the aspects 





Fig, 3. Three-dimensional scheme to represent the dis 
tribution of many aspects of a population. Any cross 
section of the block may be thought of as representing a 
single aspect. Thus, the whole block describes a popula- 
tion. The diagram might be improved by having the block 
curved upon itself in a circle to represent an endless 
succession of aspects, those intimately related always lying 
idjacent. 


cluded. The block might be thought of as describ 
ing the whole of the population on which the aspects 
were measured, and then any individual from this 
population could be described by a contour line on 
the surface of the block, such as that indicated by 
[in Figure 3. For most individuals, this contour 
might be expected to follow the ridge of the block 
fairly closely throughout most of its course ; that is, 
it would describe the individual as being close to 
the mean in most aspects. In some aspects, how 

ever, the individual might be close to an extreme, 
as indicated by the sharp swing of the contour 
represented at E. 

Cultural evolution as contrasted to biological 
evolution. Let us now assume, for the purpose of 
developing our argument, that the block shown in 
Figure 3 presents a pure line of human beings, and 
that the particular aspect that is represented by the 
cross section in which £ falls is something we shall 
call “inventiveness.” If an individual displaying 
an extreme of this aspect mates with another in 
dividual who also displays an extreme of this as 
pect, the offspring of the mating would have no 


pgreater chance, biologically, of showing extrem 






inventiveness than the offspring of any other mat 
§ dik J . 

jing within the whole population. Remember that 
ey 


this is said with reference only to the case of 
hypothetical pure line, for this need not be tri 
for mating within the real population where the 
two individuals with extreme inventiveness might 


: 


pactually belong to genotypes superior in this aspect, 


1 prob 





though the chances of this happening woul 
§@ vy not be very great for any single mating. 
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direction is favored by encouraging severe com- 
petition between individuals of the human popula- 
tion to accomplish “survival of the fittest’ is fal- 
lacious because it does not recognize the true 
implications of natural selection. (“Survival of 
the fittest’”’ was Herbert Spencer’s more dramatic 
synonym for Darwin’s “natural selection.” ) Com- 
petition between species may eliminate the weaker 
species ; competition within a species might elimi- 
nate the species itself. In its evolutionary effect, 
natural selection is not concerned with the indi- 
vidual, but only with its genotype: 

So careful of the type she seems, 

So careless of the single life. 

In contrast, the individual would seem to play a 
dominant role as regards cultural evolution, To 
be sure, any contribution to the culture of the group 
must be taken up by the group as a whole in order 
to have any extended effect thereon, and whether 
a new invention or idea is taken up may depend 
upon whether circumstances are favorable to its 
reception ; these circumstances may involve a com- 
plex of factors. But it would seem generally to 
require the contribution of a single individual to 
initiate such a cultural change. We are here con- 
cerned only with human culture, but we may 
speculate as to the possible role of the individual in 
the evolution of learned behavior in lower animals. 
This seems to have received relatively little atten- 
tion, vet it might be subject to experimental study. 

To return to human evolution, I should like to 
quote some statements from the Descent of Man 
(London: John Murray, Chapt. V, 161). All are 
from the same paragraph, but haye been rearranged 
to separate two lines of thought: 

Now if some one man in a tribe, more sagacious than the 
others, invented a new snare or weapon, or other means 
of attack or defense, the plainest self-interest, without 
the assistance of much reasoning power, would prompt the 
other members to imitate him; and all would thus profit 

. if the new invention were an important one, the tribe 

would increase in number, spread, and supplant other 
tribes. 
This, I think, seems to be good reasoning, although 
Darwin may have underestimated the inertia of 
the traditional mind in matters of common defense 
as well as in many others. With certain other 
statements we cannot so readily agree; but I shall 
quote them for their historical interest, and because 
they may be significant in regard to ideas that have 
to a certain extent remained current. 
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The habitual practice of each new art must 
some slight degree strengthen the intellect. If 
left children to inherit their mental superiority, t 
of the birth of still more ingenious members woul 
what better, . . . Even if they ieft no children, 
would still include their blood relations. . . . 

Clearly there is reference here to the inher: 
acquired characters. We need to remem! 
when he wrote this Darwin was thinking j 
of “pangenesis,” which implied such inh 
The theory of pangenesis dominated thou 
about two decades, and I believe we still 
our social thinking evidence of the belt 
gradual improvement of the genetic char: 
the population in the way implied in th 
quotation, Of course, no mechanism for su 
provement has been demonstrated, and 
evidence is to the contrary. 

So far as the selection of individuals is concer 
it would have no evolutionary effect unless 
individuals selected were genetically supe 
History seems to indicate that brilliant and eff 
tive individuals have all too often left offspring 
much less talent and little historical significa: 
with meaning we may ask, “Where is the di 
Charlemagne?” On the other hand, certai 
lies have contained a high proportion of eff 
individuals, although biological inheritance is 
tainly not the sole factor operating in such cas 
Both facts are consistent with what has been s 
herein, and both should be given their pro 
weight when we consider human evolution, 


IN SUMMARY, then, genetically speaking, th 
dividual as such is of no great evolutionar) 
portance unless he be the bearer of a mutant ge! 
and even then the importance of the mutatior 
not manifest itself in the population as a whol 
generations. In cultural evolution, on the ot 
hand, the individual would seem to hold a posit: 
of great importance. The mechanisms in th 


instances are so different that they can hardly | 


discussed in the same terms. In fact, I think s 
biologists may object strongly to the applicatior 
the term evolution in the second case, and 


should lead to confusion of the two mechanisms ! 


would agree, emphatically. I think, however, | 


1 
“11 


there is much to be gained by treating the cultur 


aspect as a part of human evolution, but above : 
things we need to understand and to se 
clearly in our minds the underlying processes 
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IS MATHEMATICS AN EXACT SCIENCE? 


N. A. COURT 


Born in Warsaw at a time when it was 
of Docteur en sciences physiques et 
in 1911. In that year he [ 
has been in the Department of A 

is the author of College 


Tat 
ia 


Geometry 


famous eighteenth-century Encyclope- 
Métodique gave the following definition 
C'est la SCIENCE qui a pour 


HE 


mathematics : 
les propriétés de la grandeur en tant quell 


Ol 
4 calculable ou mesurable, Precise, concise, defi- 
fite, and simple. This was in 1787. Even though 
this definition was hdequate for the time, it was not 
destined to remain so very long. Two 
€@rlier Gaspar Monge had invented descriptive 
geometry. He did not publish his results until 1795, 
because for over a quarter of a century the French 
High Command considered descriptive geometry 
its own private military secret. Monge’s invention 
led his pupils to the creation of projective geom- 
éry, a branch of mathematics that does not deal 


decades 


with magnitude. The quantitative conception of 
fathematics thus became obsolete. Many efforts 
fave been made since to find a definition that 
would embrace all of mathematics. The enormous 
growth of the science during the past century and 
a half, and the inclusion of such branches as the 
theory of groups, topology, and symbolic logic, 
fendered all such attempts unsatisfactory. The 
hopeless task was finally given up in favor of sim- 
ply saying that mathematics is what mathemati- 
Gans are doing. 

How do mathematicians acquit themselves of the 
heavy responsibility that such a definition puts 
Upon their shoulders? They have the advantage 
that they start out with a great amount of credit. 
To the layman mathematics is synonymous with 
exactness, nay, with certainty. Mathematics is pre- 
se, mathematics proves all the it 
Makes, all the propositions it advances. And books 
Written by mathematicians seem to bear out the 
yman’s opinion about the authors. These books 
sem to be written with complete detachment and 

rict objectivity. There is not a single exclama- 
fon point to be found on any of their pages, ex- 
pt when it is used as a symbol for a factorial. 
But do mathematicians actually do their work with 
Hat Olympic impartiality that the final product 
stems to exhibit ? 
| Ask any mathematician worth his chalk why he 
Spends so much time and effort on his research, 
@nd he will almost invariably tell you—and quite 


assertions 
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truthtully so—that he does because he finds it 
oT ‘yt - t ) } . ] ] t ] t } 
very interesting, because he loves to do it, because 


to him it is a most exciting adventure, Sentimental 


reasons all. But ts 


objectivity 7 


| 1 
sentiment a reliable partnet 


very active mathematician will readily agree 


that he is trying by his efforts to promote and ad 
vance the science of his choice. There is no doubt 
that he is telling the truth and that he is quite sit 
But is it “the whole truth and notl 
rat i art 
cian were interested in the promotion of his science 


cere about it. 
ing but the truth’ were, if the mathemati 
ina purely objective way, it would make no dif 


ference to him whether it was A or B that took a 


given forward step, as long as the advance had 
been accomplished. But this is not the case, as is 
abundantly proved by the historically famous, and 
disgraceful, controversies over priority rights of 
mathematical inventions. The Newton-Leibnitz 


quarrel over the invention of the calculus was just 
as bitter as it was harmful. It actually hindered the 
progress of the calculus in Britain for over a cen 
turv. 

The dispute between Poncelet and Gergonne as 
to who was the rightful owner of the title to the in 
vention of the principle of duality may have yielded 
in scope to the Newton-Leibnitz controversy. but 
it was fully as acrimonious, if not worse. One 
could cite the quarrel between Descartes and Fer 
mat, between Legendre and Gauss, and so on and 
on, ad nauseam. Cardan obtained from Tartaglia 
the solution of the cubic equation under oath of 
and then not only published the solution, 
but claimed it as his own, Our methods may not be 
as crude, but we are as jealous of our priority 
rights now as anybody ever was. Editors seem to 
think that priority claims are established by the 
date a given article reaches their desk, and publish 
this date as a part of the article. Perhaps whether 
it was A or B that made a contribution may not be 
of so much moment, but whether it was J or not / 
is of tremendous importance. The sublime indif- 
ference toward public acclaim exhibited by a Fer 
mat does not seem to be of this planet. It may be 
argued that mathematicians as a rule get little else 
for their labors; they are therefore at least entitled 
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to the honor and recognition their accomplishments 
can bring them, This is true enough. But it is a 
weak argument in favor of the supposed detach- 
ment and objectivity with which mathematicians 
view their work. 

There are cases on record when mathematicians 
were reluctant to publish the results of their find- 
ings, their reticence motivated by their solicitude 
When the the 
Pythagoreans brought them face to face with ir- 
rational numbers, they were overwhelmed by their 
discovery. It contradicted the fundamental tenet of 
their philosophy that everything is (rational) num- 


for their science. researches of 


ber. The surest way out was to make of this trouble- 
some result a professional secret and to induce the 
gods to destroy anyone who would dare to divulge 
to the lay crowd the exclusive wisdom with which 
only the initiates could be trusted. 

We have a similar example in modern times. 
Gauss was in possession of non-Euclidian geom- 
etry ahead of both Lobachevsky and Bolyai, but he 
was loath to publish his results. He feared that 
such an unorthodox discovery might undermine 
the faith of the young in the validity of mathe- 
matics in general. 

The judgment of both the Pythagoreans and of 
Gauss as to the effect of their discoveries upon the 
development of mathematics was totally wrong. 
But this is here quite beside the point. What is 
important to note in this connection is that the 
concealing of the truth is hardly the proper method 
to inspire confidence in the exactness of the science 
one is trying to promote. 

For men who are supposedly dealing with an 
exact science, the number of mistakes mathemati- 
cians make is both puzzling and disconcerting. A 
few years ago the Belgian mathematician Lecat 
published a collection of Erreurs des Mathémati- 
ciens, The list of names mentioned looks like noth- 
ing less than a “Who’s Who in Mathematics.” 
Henri Poincaré was awarded the Nobel prize for 
He de- 


tected the error himself while his paper was in the 


a paper that had a serious mistake in it. 


process of being published, but it was too late to 
remedy the situation, and the King of Sweden for- 
mally conferred upon the author the Nobel prize 
for a paper that was wrong. 

In an exact science it should be easy to evaluate 
the merits of a paper, and experts in the profession 
should be able to decide which of several solutions 
of the same problem is the correct one, But this 
is only too often not the case. Here is one example, 
of many that could be quoted. In a paper Fourier’s 
series, recently published by the Mathematical 
Association of America, R. E. Langer relates a 
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controversy participated in by d’Aleml 
Daniel Bernoulli, 
wrote a paper on the problem of vibrati 


and Each of these 
The three-cornered polemic lasted mi 
decade. The only point of agreement tl 
clearly was that there was always a 
majority that the third party was wrot 
all too human. But where does the ex 
come in? 

In spite of all these foibles, math 
mount a vigilant and jealous guard ov 
actness of their science and are not a 
of one another when the impeccabilit 
science comes into question, 

The invention of the calculus provok« 
the 
the new 


mathematical ai 
Neithe1 


nor Leibnitz was quite convinced that 


of criticism as to 


soundness of doctrine. 


proaches were groundless, but they fou 


of disposing of them. Leonard Euler (170; 
their most distinguished immediate conti 


paid still less attention to this controvers) 
his great gifts to expand and enrich the 


illustrious mentors, and his unerring ins 
what was right kept him firmly on th 
path. However, Lagrange (1736-1813), 
contemporary of Euler, did not share tl 
the courtier of the czars of Russia in the f 
of mathematics. In Lagrange’s estimatior 
calculus “did not make sense.” 

The mathematical analysis bequeathed 
eighteenth century appeared to the mathe: 


S 


of the early nineteenth century to be a stru 


totally devoid of any foundation. Under tl 
ship of A. L. Cauchy (1789-1857) they wu 
to provide underpinnings 
enough to render this branch of mathem 


analysis with 
pervious to the most exacting criticism a1 
same time to safeguard the results of n 
ical analysis from all possible errors. 
Thus came into being the school of rig 
first half of the nineteenth century. It accor 
a great deal, but its achievements were 
but final. The second half of the nineteent! 
set new goals for rigor. An attempt was | 
“arithmetize” mathematical analysis. D 
produced his theory of irrational numbet 
Cantor the theory of point sets, and so 
the quest for rigor is still on the marc! 
atisfies the most rigid requirements of o1 
tion of mathematicians seems totally 1 
for the next. E. H. Moore (1862-1932), i 
vears professor of analysis at the Unty 
Chicago, expressed this in the apt adapta 
biblical phrase: “Sufficient unto the da 
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f.” It would however, that 


al rigor is a very elusive thing. The 


seen, 


s pursued, the more adroitly it evades 
r. In spite of all the advances that tl 


contributed 


oo 


century toward mathe 


the mathematicians of the presé 
oe 


nt 
Lit 


feel that they are more “up in the air” 


ther generation ever was. 


ees 


extbook Euclid’s Elements has no rival, 


n mathematics, but in any other subject. 


yple over more centuries have learned 


from that book than have learned 





metry 
subject from any other single book, with 
exception of the Bible. And vet this is not th 
test of the merits of the book. The great role 


io 


his book played in the cultural history of 
lis due to the fact that Euclid’s Elements 
he first model of a deductive science. Euclid 


> 


ns by defining the entities he is going to con- 


cake te fa a edie hn 


n: point, line, angle, etc. Then he lines up his 
amioms and his postulates, 1.e., those propositions 
tat he accepts as valid on account of their plausi- 
bitty or “obviousness.” All the propositions that 
f@low are derived from those assumed by pure 
mesoning, according to the strict precepts of logic. 
Fer some two thousand years there was nothing 
that approached Euclid’s model in perfection. 
sJt is a queer irony of our intellectual history that 
itis precisely this perfection of Euclid’s geometry 
tat inspired the invention of non-[uclidean ge- 
ometry. All through the ages students of geometry 
f@t that Euclid’s parallel postulate was not sui- 
figiently obvious and should be proved. But the 
Bny and various attempts to prove it failed. In 
i first half of the nineteenth century Lobachevsky 
aad Bolyai, following Euclid’s model, each inde- 
pendently constructed a non-Euclidean geometry 
by assuming that Euclid’s parallel postulate is not 
Valid. Each of them pushed his geometry far 
@ough ahead to convince the most skeptical that 
their 
fn into inconsistencies. All doubt on this score 
Ws finally dispelled when it was shown that the 
bachevskian plane non-Euclidean geometry may 
ig interpreted as Euclidean geometry on a pseudo 


ere, 


systems are quite coherent and not likely to 


[he non-Euclidean geometries rendered Eu- 
Gid's parallel postulate, if anything, even less ob- 


us. Still Euclid succeeded in constructing his 
nents in spite of this deficiency. From this there 
Bs only one step to the conclusion that the logical 
@icrence of Euclid’s Elements is in no wise de- 
Bndent upon the obviousness of its postulates, and 


W 


®t it should be possible to build a consistent 
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On these foundations was built the “forma 
school” of mathematics, of which David Hilbert 

) > 1 ] ] 

(1862-1943) was the leading exponent, the hig 
me Ig +] meecill rr} : ] 1 
priest ot the cuit here was, however, a botnel 

ie fl ' } ; t | fant +h 
some fiy in the ointment. in tact there were 


such flies. If postulates for a mathematical science, 


for example, geometry, are set down arbitraril 
and if the which they are applied ar 


devoid of meaning, what relation does such a 
geometry bear to the physical world? Richard 
Courant (1888—), a former colleague of Hulbert, 
says in the preface to his “Il hat is Mathematics?” 
(1941, written in collaboration with Herbert Rob- 
bins) that such a doctrine “is a serious threat to 
the very life of science,” that “such Mathematics 
could not attract any intelligent person.” The 
formalists, however, made short shrift of obje 
tions of this kind as long is thev could feel that 


without a blemis 
But 


their science remained 
On that ground they were undeniably right 


it was not so easy to kill the other fly, for nothing 
1 
] 


ess was involved there than the logical foundation 
of the formalist science. 
The “obviousness” of Euclid’s basic propositions 


had reference to the fact that these propositions 


are extracted from our daily experience and are 
1 


realized, somewhat crudely, In the world that 
} 


surrounds us: they are thus consistent with one 


another. If the postulates are taken arbitrarily, if 
they have no intuitive connotation, what guarant 
is there that they are logically consistent ? Witl 


le consistency of the postulate s the 


whole edifice is worthless. The formalists realized 
that no than their bitterest Hilbert 
made heroic efforts to find such a proof. He failed. 


And there the matter rests, except that it has beet 


1 


out a proof of tl 


less critics. 


+ 


proved to the satisfaction of those most competent 
to judge that, within the framework of a given 


Ss 
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formalist science, it is not possible to find a proof 


that science is consistent. If a proof of consistency 
for a formalist science is to be produced, it must 
come from outside that science. This proposition 
is due to K. Goedel. 

The formalist school of thought in mathematics 
takes logic for granted. To this logic it adds an 
arbitrary set of entities—‘‘undefined terms’’—and 
an arbitrary set of postulates—‘“unproved proposi- 
tions.” It is then in possession of all the necessary 
tools and materials for the building of the proposed 
branch of mathematics. 

Another school of thought came to the conclu- 
sion that the formalists are extravagant: they re- 
quire too much. Logic alone is perfectly sufficient 
for the erection of the entire edifice of mathematics. 
Not the old verbal logic, but logic reduced to a set 
of symbols, after the manner of algebra. By means 
of thts “symbolic logic,” to give it its proper name, 
all mathematical entities, including the integers 
themselves, can be obtained by purely logical con- 
structions. This philosophy of mathematics culmi- 
nated in the three-volume work Principia Math- 
ematica (1910-13), by A. N. Whitehead and Ber- 
trand Russell. This was an extremely ambitious 
undertaking, undoubtedly one of the greatest in 
tellectual enterprises of all time. It was hailed with 
great enthusiasm in many quarters, especially in 
england and in the United States. Helping hands 
came forward to render the great work still greater. 

sut the Principia began to suffer from the same 
malaise as Cantor’s theory of point sets, as the in- 
finite processes put to work to provide a logical 
foundation for the mathematical continuum. Para- 
doxes and antinomies came to light that were very 
embarrassing. Some of the fundamental assump- 
tions of the Principia introduced for the express 
purpose of warding off paradoxes were found to be 
questionable and finally rejected. It was not long 
before the Principia Mathematica was reduced to 
the status of one more contender for the honor of 
being the custodian of the foundations of mathe- 
matics, under the name of “‘logicalism.” 

Among the critics of the Principia were the 
French intuitionists: Borel, Lebesgue, and others. 
sut the greatest challenge of this work came from 
members of the Dutch school, called by Abraham 
A. Fraenkel the “Neointuitionists.” This school, 
under the leadership of L. E. J. Brouwer (1882-), 


put the Principia upside down. Not only did they 
reject the idea that mathematics can be derived 
from logic, they denied logic any autonomous 
existence. Logic, according to the intuitionists, is 
not a science but a technique derived from science 
to facilitate the study of the science. Furthermore, 
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srouwer boldly questions the validity 
processes of our generally accepted log 
jects the law of the excluded middle, 

proposition is necessarily either true or 
It may be neither, for there may be n 
information to decide the question. 

As an illustration of what is meant by | 
negation of the law of the excluded mid 
consider the example given by Abr 
Fraenkel (Scripta Mathematica, 18, Nos 
1947). The fractional part of the numl 
been computed for many hundreds of pl 
many more such places could now be 
with much less labor than before, by mea 
new electrical calculators, Is there a pla 
long row of numbers where the digit 
seven times ina row?’ There is no such pla 


part of the fraction that is known at present 


we cannot tell whether it will or will not 
new digits of that fraction are computed. 
Now let us consider the real number 
starts out as 0.333333 and every other digit 
decimal fraction is a 3, except that if the mt! 
the fractional part of z is a 7 followed by 
digits 7, we will take for the mth digit of / 
2, if n is odd, and the digit 4, if m is even. Th 
of F# are thus perfectly defined as far as the 


of the fractional part of 7 are known, But 


not tell whether F& is equal to 1/3, smaller 


1/3, or greater than 1/3. 

Is the famous saying “You cannot fool 
people all the time’ true or false? Perl 
true. But it is conceivable that a man public! 
petrated a hoax or a lie that remained und 


during his lifetime and that he took his secret 


him into his grave. Then the propositior 
of course, be wrong, but we would have no 
proving it. If the man wrote a confessio1 
it, and ordered his heirs to open it on 

hundredth anniversary of his death, then wi 
find out on that day that our proposition is 
But at present the proposition is neither 1 


false. Hitler was quite certain that the pr 
is false. Witness his principle of “the big li 

“Francis Bacon is the author of the s 
Shakespearean plays.” Is the propositiot 
false ? 

Things did not become any smoothet 
of the contending schools of thought w! 
Polish logician Lukasiewicz raised the 
why logic should be limited to only two alter 
two values: true and false. He proposed a | 
which admits of three alternatives, a thr: 
logic. Now ce n'est que le premier pas | 
If logic can be three-valued, why can 
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four-valued, indeed, why not n-valued? There is no 
however, to stop there. Why must the 


aa of logic be a finite whole number ? We might 
Bs well have a logic with a continuous number of 


halues—such proposals have been advanced. 


That unshakably solid rock of classical logic 
simply slipped away from under the mathematical 
edifice, and the whole structure 1s now “on the 


rocks.” As mathematicians put it, their science is 
at present passing through a “crisis.” It has been in 
this state, roughly, since the beginning of the 
jpresent century. What connection, if any, is there 
Metween this crisis, and the social and_ political 
Rurmoil in the throes of which suffering mankind 
has been laboring during the same period of time? 
‘This is not the time nor the place to consider this 
Squestion, but so far as mathematics is concerned, 
hou need not be overly alarmed. Mathematics is 
hot going to the dogs. 

Mathematics has two aspects: On the one hand, 
jt is a description of a segment of the world we 
live in and it furnishes tools for nonmathematicians 
to describe other segments of that world. This 
might be called the “functional” part of mathemat- 
ics. The other part of mathematics deals with its 
Houndations and may be said to be largely phil- 
osophical. Of course the two parts are not unre- 
Jated. The study of the foundations of mathematics 
decides how far the mathematical processes may 
be carried out before they reach the limits of their 
validity. Fortunately, whatever these limits may 
be, there is ample room for mathematical activity 
long before those limits are reached. As a matter of 
Hact, most of the active mathematicians are little con- 

foundations. At least they 
ido not allow those problems to interfere with their 


3 Par ta ; 
factivities as investigators. More than that, even 
those mathematicians who take a direct part in the 


Pcerned about those 


debate regarding the logical validity of their 
sscience manage to obtain very valuable results in 
stheir own special field of investigation that have 
little relation to those theoretical discussions. 
But what about the crisis itself? It would, of 


course, be toolhardy tor anyone to try to predict 


at present where the crisis leads to and how it 
will end. What may be said, however, with 
that 


enriched and invigorated, 


safety is mathematics will emerge 
to continue the 
has been so successfully 


the 


Carrving On up to now 


Some ot benefits are already becoming 
parent. 

The crisis is having a sobering etfect upon 
mathematicians, The ancient Greek mathematicians 
that 


times the God of the English astronome: 


used to say their gods “geometrized.” In 
recent 
Jeans was a “pure mathematician.” These views 


reflected the feeling, never formulated, that some 
mathematicians had that, through their science, 
they were creating absolute truths, that their pro 
fession is the custodian of some eternal verities 
During the latter part of the nineteenth century 
there was much talk about the possible inhabitants 
of gettin: 


y 
~ 


of Mars. The desire arose to find a way 


in contact with those hypothetical creatures 
through light signals. Some mathematicians came 
forward with the suggestion that the signal should 
be a gigantic right triangle built somewhere in the 
Sahara Desert, the assumption being that if there 
are intelligent inhabitants on Mars, such a signal 
will convey to them the idea that there are intell1 
gent inhabitants on the earth, since the Pythago 
rean theorem is a universal truth. 

Mathematics, in spite of great achievements, in 
spite of the prestige it enjoy S, is at present engaged 
in a self-imposed soul searching. But this is not a 
sign of weakness. On the contrary, it is a 


S19N (>t 


strength, it is a promise, even a guaranty, of 


greater successes and of increased usefulness to 
morrow. In the attempt to place his science on a 
firmer foundation, the mathematician may arrive 
at a better insight, both for his own benefit and for 
the benefit of others, into the verv nature of logic 
and of logical thinking in general. But he may 
that the 


which he is engaged is not independent of the time 


also learn mathematical enterprise in 


and the place in which it is being carried out. 
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SCIENCE ON 


BACTERIAL VIRUSES 


\X JITHIN the past ten years the knowledge 
that bacterial viruses (bacteriophages) are 
simular to animal and plant viruses in size, chemi- 
cal composition, and the necessity of having an 
intact host cell for multiplication has stimulated 


much interest in_ the 
systems. 


bacteria-bacteriophage 


One of the main reasons why investigators have 
recently centered their attention on the bacterial 
viruses has been the realization that these viruses 
lend themselves to a study of virus formation. 
The bacterial viruses can be assayed with greater 
accuracy than most other viruses, and experiments 
can be carried out quickly. Various analyses can 
also be carried out with more facility, as the envi- 
ronmental conditions can be readily controlled. 
Recent experiments indicate that a study of bac- 
teriophages will lead to great advances in the 
knowledge of the mechanism of virus interference 
and virus mutation. 

Most of the work in this country has been car- 
ried out with a nonmotile strain of Escherichia 
coli and seven strains of bacteriophage that can 
multiply on this bacteria. These viruses have been 
numbered f T, to T;. The bacteriophages 
have been classed into groups in respect to se- 


trom 


rological behavior, physiological characteristics, 
morphology, and host range. Morphologically, 
the viruses may show a tailed structure. Such an 
example is T,. This virus, under the electron 
microscope, shows a head of 50 my in diameter 
and a tail 15015 mp. T., on the other hand, 
has only a head, 45 my in diameter. The average 
number of virus particles liberated per cell is dif- 
ferent for each virus, varying from 120 with T, 
to 300 with T;. The time before the bacterio- 
phages are liberated from the cell also varies for 
each virus strain. The virus strains also differ 
by the type of circular holes, or “plaques,” they 
cause in a continuous layer of bacteria grown on 
solid medium. These plaques are due to the lysis 
of the bacterial cell by the virus. Some E. coli 
virus strains form small plaques, some medium 
plaques, and some large plaques, the plaques 
varying in diameter from 0.2 mm to 3.0 mm, 
The over-all formation of bacterial viruses may 
be looked upon as occurring in three steps. The 
first step is the adsorption of the virus to the cell. 
This reaction stops the multiplication of the cell. 
The time of adsorption is different with the var- 
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ious strains of virus and may take 2-10 
The physiological condition of the cell 

the time of adsorption, old cells taking 
time to adsorb the virus than young cel 
type of reaction involved in the fixatior 
bacteriophage to the cell is unknown. It | 
thought that the process was similar to 
of reaction occurring in the union of anti 


Oy 
1 


antibody with complementary surface 
the bacteria and bacteriophage causing tl 
tion of the virus to the cell. A recent di 
by T. F. Anderson has shown that certait 
virus strains need tryptophan in order to | 
adsorbed to the host. 
an enzymatic reaction is involved in the 

The adsorption of the virus to t] 
terial cell is important in another connectior 


This finding may me 
> » 
pr CESS. 


terial mutants arising by spontaneous mut 
may be resistant to the action of bacteriop! 


IX. H. Anderson has shown that these resist 


bacterial mutants need accessory growth | 
but the relation of these factors to infection | 
virus is not clear. These resistant cells d 

usually adsorb the viruses, so that an underst 
ing of the process of adsorption might lead 1 
better understanding of this type of resist 
to infection. 

The second step is the formation of the 
within the cell (to be described in mor 
later). 

It should be althou 
bacterial virus becomes adsorbed to a cell, it 


mentioned here that 


not multiply. T;, for example, although ads 


will not reproduce unless calcium is added to t 


medium. 


cation of the host. These experiments may t! 


fore indicate that “invasion”? by the virus has 


be distinguished from adsorption and that « 
is essential for the former process. 

At a particular time, the cell bursts and th 
teriophage particles are liberated. This is 
Each virus strain lyses the c 
This 1 


third period. 
a time characteristic for this strain. 


which the cell liberates the virus particles is cal 


the minimum latent period. The yield of | 
ophage particles per cell varies tremendous! 
a given strain of virus. T,-infected cells n 
erate anywhere from 20 to 1,000 virus part 
According to the work of Delbrtick, the lysis 
infected cells will occur in 13 minutes irrespect 
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Pation—the question of self-duplication 








number of bacteriophage particles formed 


‘i the cell. The infection of a cell by a bac- 
ter! age seems to start a reaction which causes 
the cell to lyse independently of the number of 
* particles formed in that cell. 


1 


\|though it seems clear that in the E. coli sys- 
tems studied, the bacterial virus is liberated by 
he lysis of the host, there have been other bacteri- 
ipphage systems reported where virus particles are 
Kecreted by the cell without lysis of the latter. 
This condition in which bacteriophage particles 
are produced without lysis of the cell is known as 
Ivsogenesis. It is not clear how the virus is liber- 
ted in such lysogenic strains. 

When many bacteria are infected by bacterio- 
phage particles, one obtains what is called a one- 
step growth curve. This consists, according to the 
work of Delbruck, of three periods: a multiplica 
tion of the virus within the cell; a steady increase, 
for a time, in virus titer as the cells lyse; and a 
plateau in the concentration of the virus when all 
the infected bacteria have been lysed. This type of 
curve has recently been found by the Henles for 
the growth of influenza virus in eggs. 

Little is known concerning the actual formation 
of bacterial viruses. This is due mainly to the fact 
that bacteriophage formation can occur only in the 
intact cell. Once the virus has entered the cell 
(and electron microscope studies seem to indicate 
that the bacteriophage penetrates the cell), there 
js no known way of studying it until the cell is 
lysed and the virus particles liberated. All at- 
tempts to lyse the cell by grinding and enzymatic 
methods, before the bacteriophage has lysed the 
cell, have failed to reveal any virus. This fact is 
all the more peculiar since recent studies with the 
electron microscope show the cell filled with virus 
particles before lysis has occurred. 

Another obstacle in the path of understanding 
virus synthesis is the lack of knowledge concerning 
the normal synthesis of proteins and nucleic acid. 
ince all bacteriophages studied so far seem to be 
composed of at least a protein component and a 
nucleic acid component, it is essential that the nor- 
Mal synthesis of these substances be understood if 
bne is to understand virus synthesis. Up to the 
present time, however, we do not know how 


Baller units of nucleic acid and protein, such as 
Binuclec tides or peptides, are form 


*, much less a 
fomplicated “molecule” like a virus. The forego- 
ng facts, and another great problem in virus for- 
show 





ow far we are from unraveling the question of 


rirus formation. 
J - , i 
A knowledging how little is known about virus 
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; 
synthesis, we can say that experiments in the past 
tew vears have begun to give us a little insight into 


the mechanism of virus formation. Reports from 
this laboratory and the University of Calif 


reveal that cells which show no demonstrable mul 
tiplication after being inhibited by penicillin wi 
| torm bacteriophage ; therefore, cell multiplica 
tion is not a requirement, per se, of virus fot 
mation. 

Our experiments and those of Cohe 
that the virus is synthesized from substances in the 
medium and not from a precursor in the cell, Fur 
thermore, Cohen's finding that the virus seems to 
contain predominantly extracellular nitrogen and 
phosphorus would indicate that the synthesis of 
the virus probably occurs from = smali-moleculat 


weight substances. He also has found that in ari 


1 


( Fig 1), the 


Kk. coli organism infected with 7 
ribonucleic acid remains constant and appears to 
be inert. Protein is synthesized from the begin 
ning of the infection, whereas desoxvnucleic acid 
is synthesized 8-10 minutes after infection. The 
over-all picture one gathers from these results is 
that, whereas in the normal cell of /. coli syn 
thesis of ribonucleic acid, various proteins, and 
other substances occur, in an infected cell only 
virus protein and desoxynucleic acid are synthe 
sized. Moreover, these results indicate that, at 
least in the infected cell, peptide synthesis occurs 
before nucleic acid synthesis. Furthermore, ribo 
nucleic acid does not seem to be concerned in pro 


tein synthesis as pointed out above. The results 
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of Brachet and Caspersson seemed to show that 
nucleic acid was intimately concerned with the 
formation of protein. Cohen’s results indicate, 
on the other hand, that in an infected cell, the for- 
mation of peptides may control the formation of 
desoxynucleic acid. Further work along these 
lines would be of great interest. 

Our experiments indicate that the synthesis by 
the cell of the energy-rich donor adenosinetriphos- 
phate is essential for bacteriophage formation. 
This is of interest in view of the fact that no en- 
zyme systems have been found in bacterial viruses. 
It is probable that one of the reasons why the bac- 
teriophage needs the cell is to supply the energy 
for its synthesis. 

Experiments in this laboratory disclose that 
there is a continual competition between the bac- 
terial virus and the host for nutrient materials. 
Such experiments have been worked out by using 
high concentrations of bacteria and low concen- 
trations of virus as the inoculum in a synthetic me- 
dium. In such systems, the virus will multiply for 
a time but then stop, although the cells will keep 
on multiplying. This cessation of virus growth 
occurs because the bacteria have used up sub- 
stances in the medium essential for virus forma- 
tion and these substances cannot be synthesized by 
the host. Using a Staphylococcus bacteriophage, 
it has been possible to show the need of an unidenti- 
fied substance in acid hydrolysates of proteins for 
the synthesis of the bacterial virus. 


THE study of mutations has led to great advances 
in the knowledge of bacterial. viruses in recent 
vears. Hershey, Delbriick, and Luria have con- 
tributed most in this advance. Although such 
knowledge is likely to change within the next few 
years, the present investigations are so important 
as to warrant discussion at this time. 

3efore discussing the mutation experiments, 
however, it is necessary to review briefly the effect 
of multiple infection on bacteriophage formation. 
It was found by Delbriick that there was no differ- 
ence in the “burst” size whether a bacteria was in- 
fected singly or multiply with the same virus. 
However, when a bacteria was infected at the same 
time with unrelated viruses—T, and T., for ex- 
ample—the bacteria produced only T,. Even 
when T, was inactivated by ultraviolet light and 
not able to reproduce itself, it still prevented the 
reproduction of T;. These results, whereby one 
virus excludes the formation of the other virus, 
have been called the “mutual exclusion effect.” A 
slightly different result was obtained on infecting 
with T, and T-, which are also unrelated viruses. 
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Here the cells formed either T, or T- 
in the latter case the infected cell can 
T, or T;, the virus that is not formed is 
press the yield of bacteriophage from 
This is called the “depressor effect.” 
The mechanism whereby one virus cat 
with the multiplication of another is 1 
Delbritick has proposed a “penetration hy 
According to this theory, the entrance \ 
into a cell changes the cellular surface 
manner that the other virus cannot ent 
explanation may hold for the bacteriop! 
studied, but it does not appear to hold f 
terial viruses. Hershey has recently de 
mixed infection involving a wild type st 
On bursting, the cell 
Further, mi 


and its y mutant. 
both wild type and mutant. 
tions with related pairs of viruses of T 
T, give only partial exclusion. Syvert 
3erry have also reported that three differ: 
mal viruses—papilloma, myxoma, and B 
may all infect and multiply in the same cel 
Delbruck has recently published expe: 
showing that, in a mixed infection, althoug 
may not multiply, it may “induce” changes 
virus that does reproduce. Using coli b 
Tyr, he found that som 
other cells | 


phages, T.r+ and 
liberate only Tyr, but that 
both T,r and Tyr Therefore, while T.r 

able to multiply, it could “induce” Tyr to 
to Tyr In view of the recent finding by 
and co-workers of an induced change in p1 


cocci by desoxynucleic acid, it would be of inte: 


to determine whether a nucleic acid from tl 
phage would, when added to a system cont 
bacteria and Tyr, give rise to T,r- 
a single cell is capable of liberating both tl! 
type virus and its r mutant. 


but the virus not multiplying may “induce” 
tation in the virus that multiplies. Further 
is necessary to explain this phenomenon. 


Luria has recently published experiments w! 
may help explain some of the mutations obse 


in the mixed infections. He showed that tv 
teriophages, both inactivated by ultraviolet 


will give rise to an active bacteriophage if mad 


infect a single bacterium. He has propos 
bacteriophages are made up of 30-50 loci ai 
each of these loci can be transferred from o1 


+ 


teriophage particle to another inside the bacteriu! 


Luria suggests that bacteriophage format! 
a> te) 


curs by independent reproduction of each of the: 
It is not easy to visu 


loci in the bacterium. 











This 1 
might be able to account for Hershey's finding t 


As in Delbritck’ 
perimnents, only one virus may actually mult 
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exchange of loci could occur. 


an exchange of “units” between bacterial viruses 


<] y Schoenheimer some years ago, how- — may not be so unusual a phenomenon as it wor 
rth is a continual changing over of mole- at first see 
&§ organism, with newly formed small Winston H. Pr 
M@ecules re-entering specific portions of large The Rockefeller Institute for Medica 
mlecules, so that the fact that there appears to be = Princeton, New Jers 
THE PROBLEM OF THE HELICOPTEI 
Sey OTHING could be simpler than the basic which is apparent in our photograph of the Sil 
N principle of the helicopter. A rotor, similar to sky S-51 helicopter. Unfortunately, the power us¢ 
: airplane propeller, but with a much larger up by the tail rotor is pure and continuous 
tia ter relative to the aircraft, and a smaller the tail rotor is clumsy, and it may be dangerous 1 
mie} or blade inclination, rotates slowly with its careless spectators. Yet the single main rotor-cut 


gs substantially vertical. The rotor impels the air 
@enward and therefore by Newton’s law produces 
thrust upward. The upward thrust gives the 
@essary lift to the aircraft. If 
meats the axis is inclined forward, the rotor thrust 


by appropriate 
pppvides propulsion as well as lift and the helicopter 
moves forward. Alternatively, we can say that the 
Sicopter rotor combines the functions of an air- 
Mane wing and an airplane propeller, and that 
seers to be a welcome simplification. Besides, the 
®plane wing only exercises lift when it is in for- 
ward motion by dynamic reaction. The helicopter 
fetor can produce thrust, or lift, when the aircraft 
igyiot in motion. Therein is the explanation of the 
Wonderful capacities of the helicopter, which can 
hover motionless above the ground, climb vertically 
upwards, descend vertically, and travel in any 
direction following the inclination of the rotor axis. 
Thus, the helicopter surpasses the airplane in ver- 
satility and does almost as well as a mosquito. The 
higlicopter pays heavily for these added capacities, 
hgwever, and is inferior in speed and pay load to 
the’airplane. Also, it is a more complex mechanism 
flan the airplane, and its designers have to solve 
Many curious problems. 
| To be efficient in lift the rotor has to handle large 
Masses of air and impart to them a low downward 
Wlocity. Then momentum change and thrust are 
@tained without too great loss in the kinetic energy 
df the slip stream. That is why the rotor has to 
have a large diameter and to revolve slowly. But 
ithe rotor is large and revolves slowly, its torque, 
Of turning moment, is correspondingly large. Some- 
pw this torque has to be counteracted ; otherwise 
Wselage and occupants would revolve dizzily in 
pace. This first problem of counteracting the 
rque is so important that it dictates the whole 
SHnfiguration of the helicopter. One method is to 
Be a tail rotor that revolves about a horizontal 
is and provides a lateral thrust. This is the 
assical solution which Igor Sikorsky adopted and 
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tail rotor configuration is the simplest and the one 
most popular today. Superimposed coaxi 
revolving in opposite directions, or rotors plac 
the | | 


fuselage ana r¢ volvit vu 
opposite directions, 


either side of also 
eliminate the torque but intro 
their own, However, no on 


ll be 


Another difficulty of the helicopter lies in the 


duce difficulties of 


can what wi the final configuration 


yet say 


fact that in forward flight the advancing blad« 
the rotor has a greater velocity relative to the ai 


\ccord 


ingly, the advancing blade develops more lift and 


than the blade retreating from the wind 


tends to roll the craft over to one side. Juan de la 
\utogiro, solved 
the difficulty, so it is said, while hearing and paying 
little 
blades to hinge freely at their roots, so that 


Cierva, the great pioneer of the 


attention t Cierva allowed the 


an opera 
flapped upward and removed the excess lift of the 
The 


vented has disappeared ; but the merit of his hinged 


advancing blade \utogiro which Cierva 1 
blade is universally realized, and without the hing: 
blade or its equivalent helicopter flight would be 
well-nigh impossible. 

It is true that the helicopter can rise and hover, 
but, people ask, what happens when the power fails ¢ 
That is a good question. The answer 1s reassuring 
Provided the pilot or an automatic control decrease 
the pitch of the blades quickly, they continue to 
rotate. When the rotor is in autorotation, the hel: 


copter becomes an autogiro. It can no longer 
descend vertically with safety, but it can stili make 
a steep glide and land and come to rest after a very 
short run, in the smallest of fields. 

There is one drawback to the helicopter whic! 
remains: lack of inherent stability. The airplane 11 
forward flight can be flown hands off the stick and 
If the 


airplane has an automatic, gyroscopic pilot, it can 


feet off the rudder bar for several minutes 
conceivably fly without the pilot’s guidance for an 
hour at a time. In the helicopter no automatic pilot 


is as yet available, and this type of aircraft has not 
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SIKORSKY S-51 HELICOPTER 


FRANKLIN D. 


LANDING ON THE AIRCRAFT CARRIER U.S.S. 


yet developed inherent stability of its own. As a 
result, the helicopter pilot has to fly his craft the 
whole time, and that means fatigue. The problem 
is important and remains to be conquered. 
Accidents due to failure of the rotor are very 
rare; when they occur they are because 
the centrifugal force unbalance when a blade lets go 
is enormous. Failure of the rotor is a matter not of 
strength but of vibration. In an airplane in steady 
flight the fixed wing always meets the air in pre- 
cisely the same way at any instant. In the helicopter 
rotor the blade meets the air at each point of the 
cycle in a different way; hence, aerodynamic ex- 
citation forces occur, Again, because the blade flaps 
as it revolves, dynamic forces arise, forces that the 
engineer terms Coriolis forces. At any rate, there 
exciting forces, and vibration follows. The 
reduction of forces and their isolation 
from the rest of the aircraft constitute a difficult 
problem. The physicist will appreciate the situation 
when he is told that the dynamic equations of mo- 
tion of the helicopter blade contain variable coef- 


seri JUS, 


are 
exciting 
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ROOSEVELT DURING ATLANTIC FLEET TEST OPERA 
ficients and cannot be solved. The vibrations 
rotor also feed back into the controls and pr 
It is difficult to say which off 
field of for the 


helicopter stability 


“stick shake.” 


most beautiful research 


mathematician, or hel 
vibration. 


How is control attained? By changing th 
7 > : 


of the blades at certain points of the cycle, per 


cally. The mechanism is simple in principle, 


plex in execution, and involves careful mecha! 


design. 
internal combustion engine revolves 


transmission system becomes heavy an 
plicated. Other mechanical problems lie 


transmission of power to the tail rotor, 


rapid change of pitch of the rotor for autorotat 


The cooling of the engine is also a difficult | 
because the engine of the helicopter ma 
quired to deliver its full power while the air 
stationary. In brief, it can be said that the 1 
cal part of the helicopter 
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Since the rotor revolves slowly while: 
rapidly, ' 
rotor must be geared down about 10 to 1, and: 


is much more con 














vica i" 
ice 3 
mark 
¥ 


artic: il 
= 
> lons 





om t 
lice )p' 
ec, | 
he po 
red. 

prem 
Whe 
@ prac 
femark 
Was a 

Predict 
the pri 
@iew y 
of thot 














, the mechanical part of the airplane. More- 
* it is impossible to use in the helicopter those 
dard automotive parts that are available for 
r car. For the same duty, helicopter 
mechanical units must be much lighter and of more 
ned construction. 

fA photograph of the Sikorsky S-51 shows a 


wpical, 



















ind perhaps one of the most widely used, 
icopters of the day. Modern helicopters are 
rarkable for the roominess of the cabin and the 
Bde vision that both pilots and passengers enjoy. 
B be able to take advantage of its hovering and 
Brtical landing capacity, the pilot must have ex- 
ordinarily good vision. The photograph indicates 
» Jong tail boom, at the end of which the torque 
Bor is mounted. The landing gear is of the well- 
Bown tricycle type with a small nose wheel at the 
Mont. A machine such as the S-51, equipped with 
® engine of approximately 500 h.p., will have a 
Ross weight of 5,100 pounds, top speed at sea level 
103 miles an hour, hovering ceiling of about 
00 feet, and weight empty of about 3,850 pounds. 
om these approximate figures it is clear that the 
licopter can in no way compare in efficiency, 
ed, or load-carrying capacity with the airplane. 
: e€ point is the helicopter should not be so com 

red. It has spheres of its own in which it reigns 
preme. 

# When the helicopter first became in this country 
@ practical aircraft, thanks to Igor Sikorsky’s 
femarkable development work in 1936-37, there 
Was a burst of enthusiasm as to its possibilities. 
Predictions were made that helicopters would be 
he private flying vehicle of the future, and that in 
few years private owners would operate hundreds 
thousands of helicopters. These optimistic ex- 
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not been realized, for good 


First of all, although it is 


pectations have very 


reasons ASV TO 


] 


< very <¢ 
how to fly a helicopter, its operation, because 


learn 


some de rEce © 


of lack of stability, vibration, and 
Another reason why we 


of the helicopter for 


stick shake, is fatiguing. 
have not had wide adoption 
private flying is the very high cost of the helicopter 
to date. This high cost is due to the fact that few 
helicopters of any one type have been designed and 
built, and because of the extra complexities of the 
mechanism. A two-seater helicopter like that 
\ircraft 


of some $25,000; a five-passenger machine with 


manufactured by Bell may have a price 
more powertul engines may cost $65,000—$70,000. 
Such costs are almost prohibitive in private use 
Private flying with the use of the helicopter will 
come certainly when some enterprising manutac 
turer finds ways of reducing costs to more modest 
levels. 

That does not mean, however, that the helicopter 
work. During World War I] 
it found a great many applications in rescue work 
The 


found it an indispensable element of equipment 


is not already at 


in the jungles and overseas. Coast Guard 
For military operations of all kinds the helicopte: 
already has remarkable utility. In spite of its cost, 
it is rendering a variety of services to industry 
and business, services so useful and so superior t 
services rendered by other vehicles that cost be 

comes almost subsidiary. Thus, the helicopter is now 
being used for crop dusting, for patrol of power 
lines, for detection and fighting of forest fires, fot 
geophysical and mining exploration, and for many 
other purposes where its special ability comes into 
play. 


American helicopters lead the world and have 
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been sold to Great Britain, Sweden, Holland, Ar- 
gentina, Brazil, and many other countries. Young 
men have come from the four quarters of the world 
to learn how to fly the American helicopter. It is 
also gratifying to think that the helicopter has 
saved far more lives than it has destroyed. 

The Post Office Department, after a series of 
experiments, has contracted with Los Angeles Air- 
ways for a system of carrying mail by helicopter, 
connecting the center of Los Angeles with many 
far-flung local post offices. The experiment has 
proved most satisfactory, and there is no doubt 
that similar services will be extended to other 
metropolitan areas such as New York, Chicago, 
Philadelphia, and probably Boston. Such services 
would make a tremendous difference in the time of 
delivery of air mail, and supply the missing link in 
the air mail service of the United States. 

No attempts have yet been made to carry passen- 
gers from the airports to the hearts of cities, but 
there is very little doubt that the ferrying of passen- 
gers will soon come. The Piasecki helicopter is al- 
ready available for the carrying of ten passengers, 
and estimates of expenditures indicate that ferry- 
ing of passengers from the heart of cities to airports 
is economically feasible. The Civil Aeronautics 
Board hesitates, on the grounds of safety, to approve 
the carrying of passengers. The helicopter can land 
on roof tops or on any odd city lot 100 feet by 100 
feet, but there is some hesitancy in putting it to 
work in thickly populated districts, with sky- 
scrapers inducing unexpected and violent air 
currents. 

In conclusion, it may be said that, although the 
helicopter is never likely to equal the airplane in 
long-range transportation, it has already demon- 
strated its utility in special applications; nor is 
there doubt that such utility will grow. Also, it 
seems particularly well suited for private flying. 
Nothing could be more practical than the helicopter 
that could land, so to speak, in a man’s own back 
yard. One can be sure that American ingenuity 








PRINCIPAL DIMENSIONS OF SIKORSKY S: 


FRONT, TOP, AND SIDE OF HELICOPTER (NAVY 
HO32-AIR FORCE R-5F). .OVER-ALL MEASUREMI 
HEIGHT, 12’ 1134”; LENGTH (BLADES EXTENDED) 
MAIN ROTOR TIP CIRCLE DIAMETER, 48’; TAII 
CIRCLE DIAMETER, 8’ 5”; LANDING GEAR .TR 
FOR EASE IN HANDLING ON SHIPBOARD, MAIN ROTOR 
MAY BE FOLDED BACK ALONG TAIL CONE TO REI 
GREATEST WIDTH TO THAT OF THE LANDING GEAR A? 
GREATEST LENGTH TO 44’ 114”. CABIN WIDTH 


will not be long in conquering the difficulties ' 

now delay the use of the helicopter in private f 
ALEXANDER KLE! 

Helicopter Editor 

Aero Digest 


BRITISH INSTITUTIONS FOR RESEARCH IN SOILS AND CROP PRODUCTION 


HATEVER kind of farming a man under- 

takes, he is ultimately dependent on the soil 
and the crops, and so it was natural that British 
agricultural education and research should begin 
with these two very important subjects. There had 
long been spasmodic efforts to study them, but the 
modern period began rather more than one hun- 
dred years ago when three organizations were 


*From a speech given over the British Broadcasting 
Corporation network. 
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started that have since played a great part 1! 
rural life: the Royal Agricultural Society 


Royal Agricultural College, and the Rothams 


Experimental Station. They began quietl) 


a small way, in a period not unlike the pres¢’ 


when England was greatly impoverished by | 
of war at sea and on the Continent, when t 
were great social and political upheavals, and 


people thought the country was going to the 


3ut under the troubled surface many move! 
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eloping which later emerged and greatly 


were ' i 
Belped the people of those days, and are proving 
ae! re useful now. The Royal Agricultural 


ollege did great service in training men; the 
Royal Agricultural Society started a far-reaching 
search program that has not yet been exhausted ; 


the Rothamsted Experimental Station has 


and t | 
@rried out agricultural experiments from its be- 
nin? 


fhe Station began in typically British fashion. 
Rothamsted is not a village or a town, but an 
ancient manor which remained during the first 
gx hundred or seven hundred years of its exist- 
énce quite unknown to history ; and it might have 
femained unknown but for the fact that the young 
Lawes, coming into his 


gjuire, John Bennet 


inheritance in 1836 and anxious to increase the 
gutput from his land, was asked by a neighbor why 
ground bones were so good as manure on some 
§oils and so poor on others. Lawes knew a little 
hemistry: he realized that bones contained a 
phosphate which was insoluble in water but would 
Become soluble on treatment with sulphuric acid; 
he thought it should then be effective on his land. 
He tried the experiment, and it was so. More im- 
portant still, geologists were at that time discover- 
ing large deposits of mineral phosphate for which 
fhere was no obvious use. Lawes thought that this 
would serve instead of bones, and experiment 
Showed that he was right. He took out a patent 
§nd set up a factory for making this soluble phos- 
Phate on a large scale. Thus he was able to supply 
superphosphate— 








rmers with a new fertilizer 
ow famous throughout the world. That was the 
eginning of the commercial fertilizer industry. 
awes made a fortune out of it. But he did not stop 
lere ; in association with Joseph Henry Gilbert he 
arried out from 1843 onward a series of scientific 
xperiments on soils and crop production on his 
farm at Rothamsted that are now known wherever 
@gricultural science is studied 
| It was relatively easy in those days for these two 
Wery intelligent and industrious men to make sci- 
Bntific discoveries. They were pioneers, and the 
Puggets were, so to speak, lying on the surface 
@hey had all the sturdy independence of the Vic- 
lorians. Lawes paid the whole cost of the work and 
ould have scorned any idea of Government help. 
@ ie work was practically all chemical, for at the 
Putset agricultural science was just a branch of 
hemistry. In these days, it is of course very much 
ider and more complex: biochemistry, physics, 
nathematics, pedology, and some half a dozen 
ranches of biology all now come into agricultural 
‘ience. The modern Rothamsted research station 
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that has grown up during the past thirty years has 
well-staffed and well-equipped departments deal 


ing with all these subjects. Nevertheless, the 
Chemical Department, under Dr. Crowther, 1s 
still one of the most important. The direct 

now Dr. Ogg 


Rothamsted remains primarily a research inst! 
tution, but, 
tutes, it can take in a limited number of students 
who have already graduated and who therefore 
Men and 


over the civilized world to 


Insti 


like most other British research 


have a good knowledge of their science. 
women come from al 
new 


work there, many bringing new ideas—and 


liteblood 


Itisa postgraduate school of the London Univer- 


research institution 


ideas are the fa 


sity, and students having a Bachelor’s or Master’s 


‘ ' 
degree acceptable to the Senate may become can 


didates for the Ph.D. or D.Sc. degrees without 
further examination. These degrees rank very 
high, especially the D.Sc., and their proud pos- 


sessors are to be found in important posts in many 


countries. 


There is another, smaller Soil Institute at 
Oxford University under the direction of Mr. 
Morison. He has specialized in the soils of the 


Southern Sudan and has collected material of great 
value for students of tropical soils. Graduates of 


t 


recognized universities can obtain a degree altel 


two or three years’ study, according to their quali 
fications. 

Scotland also has a soil research institute, the 
Macaulay Institute at Aberdeen. Unlike Rotham 
sted, it 
responsible for the Soil Survey for Scotland. A 


has local duties and affiliations, and is 
student who wishes to gain experience in that type 
of work could usefully spend some time there. 
The Institute possesses equipment for studies in 
soil mineralogy, an important new branch of soil 
science. 

Wales has an important center of soil studies 
at Bangor, under Professor G. W. Robinson, who 
was until recently in charge of the Soil Survey 
of England and Wales, and who also can receive 
postgraduate students. 

An important group of agricultural research in 
stitutes has developed at the Cambridge University 
School of Agriculture started by T. B. Wood, one 
of the greatest of the pioneers. With him was asso 
ciated Sir Rowland Biffen, whose inspiration came 
from two great figures in English biological sci- 
ence, Marshall Ward and William Bateson. Mat 
shall Ward was the founder of modern plant 
pathology in Britain, and Bateson of modern 
genetics. Biffen, a student of both, combined their 


giving 
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subjects and bred wheats to resist rust, 





them also other desirable qualities. Thus, Cam- 
bridge became a great center for the breeding of 
wheats for English conditions, and the Cambridge 
Hunter 
bred barleys at Cambridge. The work is now car- 
ried on under Professor Engledow, and a well- 


wheats are widely and successfully used. 


known postgraduate school has developed where 
prospective plant 
profitably study. 


breeders from overseas can 

Fodder crops, such as oats, grasses, and clover, 
however, are not dealt with at Cambridge but at 
the University College of Wales, at Aberystwyth, 
where the climatic conditions are more favorable 
for the breeding and selection of that group of 
plants. This work was started by Sir George Sta- 
pledon and has attracted widespread attention in 
many parts of the world, particularly since one of 
the most urgent needs of today is the improvement 
of pastures and grazing lands. Sir George has now 
retired, but the work continues under the com- 
petent direction of Professor T. Jenkin. Apart 
from the valuable help they will receive at the 
Plant Breeding Station, postgraduate students will 
find much to interest them in other departments 
of the College and its beautiful surroundings. 

A grassland improvement station has also been 
set up at Drayton, near Stratford-on-Avon. Al- 
though it is not equipped for sustained postgrad- 
uate studies, it can furnish material for a student 
centered at a University. Useful work on the pro- 
duction of varieties for northern conditions has 
been done at the Scottish plant-breeding station at 
Corstorphine, near Edinburgh. Potato breeding is 
undertaken there, but it must be admitted that 
the greatest success with this crop has been at- 
tained by the commercial breeders, artists in their 
line, who have constantly before them the ideal 
of the perfect potato, and spend long years of effort 
in trying to attain it. 

The other great branch of agricultural science 
inspired by Cambridge—plant pathology, the child 
of Marshall Wood—has spread rather widely, but 
is still largely being developed by Cambridge men. 
Dr. Kenneth Smith at Cambridge deals especially 
with virus diseases of plants, and the same subject 
is being investigated by a vigorous group of work- 
ers under F. C. Bawden at Rothamsted—without 
overlapping the Cambridge work. These diseases 
are spreading in all parts of the world and are 
doing tremendous harm, causing great losses to 
important crops. Much has been learned about the 
nature and properties of the different viruses and 
the way they are transmitted—a fascinating story. 








When you realize that some of these disc ise 
transmitted by the aphis, the little fly of 
family as the notorious green fly of roses 
aphis sucks up juice from a diseased pla 
imbibes some of the virus, then carrie 
healthy plant and infects that—when 
what minute quantities are involved, you 
vel at the skill of the experimenters who d 
the details of the process, dissecting the 
find out how the transmission is broug 


what changes the virus undergoes durin; 
what the virus does when it gets into the | 
It is a good subject for a keen young biologist 

One might not at first think of highe: 
matics as having anything to do with ag 
science, and indeed it is only in the past 
five years that it has come in. The beginnit 
made at Rothamsted by R. A. Fisher, who is; 
at Cambridge, dealing with genetics fi 
standpoint. The work was ably carried 
F. Yates, and a strong department under hi 
vides ample scope for young mathematicians 
a leaning toward biological science. 

A young but promising department has b 
up at Oxford dealing with the design of agi 


tural and general biological experiments. It is 1 
everyone that combines the necessary mathe 
cal ability with a sound biological sense, and fey 
still have as yet equipped themselves for th 
of statistical advisers to the experiment stat 
But the need is there, and the demand must g1 


Overseas students with the necessary scient! 
training will find no special difficulties in enterm 


a British research station for study, p1 

always there is room. The stations are not, | 
ever, equipped for training, and they provid 
systematic courses, though they are near!) 


closely associated with universities, wher 


course teaching is available—but always on t 


same condition: provided there is room. lor 
colleges and universities in Britain are fuller 1 


ever: there is a great demand among our you! 


people for more and better education. In all 1 
terial things life here is austere, though no \ 
seas student need fear that he will go hungr) 
intellectual and cultural life of the nation still g 


on as before. Science and the arts, music, | 


drama, painting, still flourish vigorously, ai 
student will find ample provision for all his int 
lectual needs. 

Sir E. Joun Russe tt, | 
Campsfield Wood, Woodstock, Oxon 
England 
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INERALS display a variety of colors. In- 
deed, minerals and mineral products compose 
any of the pigments used in paint manufacture. 
i, descriptive mineralogy one of the distinctive 
prop: rties of each mineral is color; another is 
treak, the color of the powdered mineral. 

Rock are vivid yet diversified. 
‘eathering changes the composition and the color. 
Books about sedimentary 
vidence of the origin and past history of the rock 
nd its constituent minerals. It is controversial 
whether red beds signify aridity or tropical 
weathering. “The environmental conditions deter- 
mining the colors of sediments are not fully under- 
$tood, but are of great importance.’” 

One may be surprised, therefore, to discover 
that the color names used are referred to no stand- 
ird. The specific gravity, hardness, crystal form, 
index of refraction, and composition of a mineral 
are all determinable. Not so, the color, The mineral 
determines the color rather than the color the min- 
éral. “Ruby-red” is the color of a red ruby. 
| The description of rock colors is in worse state. 
With notable exceptions, most geologists name 
fock colors offhand. Their choice is affected by the 
immediate surroundings and by the weather, is 
inconsistent from day to day, and is very indi- 
Mdual, having little regard for the usage of other 
geologists. I asked thirty-four petroleum geolo- 
ists, who describe rock cuttings daily, to specify 
the colors of 14 different rock specimens. One 
ecimen received 28 different specifications. 

About 150 years ago Werner, father of mineral- 

y, worked out an arrangement of colors and 

lor names, illustrated by a set of mineral speci- 
ens. He may be regarded as having founded the 
fientific standardization of color names for all 

rposes. “The following eight colors were selected 

Werner as fundamental, to facilitate the employ- 
ent of this character in the description of min- 
gals: white, gray, black, blue, green, yellow, red, 
hd brown.”* Under the guidance of Professor 
Robert Jameson, another mineralogist, Werner’s 
yystem was published in book form in 1814. 
Robert Ridgway, an ornithologist, published his 
ok on Color Standards and Color Nomenclature 
1912. It was referred to as a standard for both 
‘ks and maps by the United States Geological 
irvey. In the descriptions of rocks it yields such 
ms as “cinnamon-rufus” and “deep Corinthian.” 
iin 1928 Goldman and Merwin abridged Ridg- 
fav's 1,115 colors to a set of 114 designed for use 
held geologists. The chart® did not attain gen- 


colors less 


rocks cite color as 
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DESCRIPTION OF ROCK COLORS 








eral use, partly because it employed rather forbid- 
ding symbols and gave no color names. 

From 1915 on the Textile Color Card Associa 
the United States “Standard 


Color Cards.” These have been used as standards 


tion of issued its 
by some geologists. 

The Maerz and Paul Dictionary of Color, pub 
lished in 1930, is an excellent reference work but 
It illustrates 7,056 difterent 
colors and, undertaking by means of these to de- 


not a field manual. 


fine all usable color names in the English language, 
it offers a wide choice. Geologists using it have 
startled their colleagues by describing the color ot 
a limestone as “French nude.” 

Since Newton and Lambert, it has been recog- 
nized that a particular color is the summation of 
three effects. One of these, called lightness, or 
value, is illustrated by the range of the neutral 
colors from black through the grays to white. 
Value can be measured directly by physical means 
as the reflectance. 

Another of these effects is hue. Newton arranged 
all the gradational hues of the spectrum from red 
through yellow, green, blue, to violet on a circular 
arc. He completed the circle by means of the pur- 
ples, which are mixtures of blues and reds. 

The third effect is chroma, which is the inverse 
of grayness. Complementary hues may be placed 
at opposite poles of a diameter of the hue circle. 
Complementary hues mixed in the right propor- 
tion make a neutral gray, which can also be ap- 
proached by adding gray to either one of the hues 
and thus reducing its chroma. The chroma of any 
hue may be said to range from vivid through bright 
and moderate and weak (or grayish) down to the 
very absence of the hue represented by a neutral 
gray as the limit of the sequence. 

Since each color is a function of the three vari- 
ables, value, hue, and chroma, it is possible to 
represent the whole array of known colors by a 
three-dimensional diagram or color solid. For prac- 
tical geological purposes consider the color solid 
to be a sphere with a diameter representing the 
neutral axis from black at one end to white at the 
other. A radius perpendicular to the middle point 
of this axis revolves through the whole hue circle, 
Each radius, then, is a representation of the chroma 
of a particular hue from gray at the axis to vivid 
at the surface of the sphere. .Given a particular hue 
and chroma represented by the end point of some 
radius vector, there is still a range of lightness from 
darker to lighter represented by a line through the 
end point parallel to the neutral axis. 
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The Munsell color notation devised by A. H. 
Munsell (1858-1918) divides the value into 10 
major units from 0 (black) to 10 (white). His 10 
hue units are R, YR, Y, GY, G, BG, B, PB, P, 
and FP, the letters referring to red, yellow, green, 
blue, and purple. Each hue unit has 10 subdivisions 
of equal arc on the hue circle; for example, 1Y RX, 
a7, .. 10 YR. Chroma in the color sphere 
ranges from 1 to 10 (and also above 10, but few 
rock chromas exceed 6). 

Munsell chose these units to represent equal 
psychological steps in color perception. Their real 
value in scientific measurement is that each color 
is carefully reproduced by the Munsell Color Com- 
pany and is physically specified by means of 
photometric measurements. A Munsell designation 
such as 5YR 6/2 (where 6 is the value and 2 the 
chroma) is physically fixed and internationally 
communicable without recourse to native lan- 
guages. 

Soil scientists and others who study drugs, 
chemicals, and agricultural products have already 
adopted the Munsell system as a basis for color 
description. Color experts are determining the 
Munsell designations of the 7,056 colors in the 
Maerz and Paul Dictionary. When this work is 
completed it will provide an immediate correlation 
between standards. 

In the past two years a Rock-Color Chart Com- 
mittee, composed of representatives of leading 
geological organizations, has determined the range 
of rock colors by comparing a wide selection of 
specimens with Munsell standards. Rock colors are 
concentrated in the YRs and the Ys. The green, 
blue, and purple rocks are relatively scarce and 
very grayish; that is, most of them have chromas 
less than /2. 

Following the lead of the Inter-Society Color 
Council and the National Bureau of Standards,‘ 
the Rock-Color Committee has tried to select a sys- 
tem of rock-color names sufficiently standardized 





ost He 


to be acceptable to color scientists, suffi 
ful to be satisfactory to field geologists, 
ciently commonplace to be understood, 
general way, by anyone concerned wit! 
new color chart for field geologists illust 
color names by means of chips suppl 
Munsell Company. The first copies wi 
available. 

Each color chip on the chart is m 
name and a Munsell designation. A « 
such as “pale red,”’ occupies a portion \ 
the color solid, whereas a Munsell des 
represented by a point. Munsell desig: 
therefore more accurately descriptive t! 
and numerical interpolation is easy bety 
described by numbers. The Munsell syst 
a definitive answer to the old question, V 
pens to the color when a rock is wet? T| 
chroma remain unchanged, but the val 
minished. In other words, the color is 
only. 

Although the Committee 


range of rock colors and designed a field 


has establi 
mechanical problems of arranging Mut 
ards for microscopic and other laborator 
main to be solved. 

RoNnALD K 
Argo Oil Corporation 
Midland, Texas 
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UNDERGROUND WEALTH 
eral Resources in the United States. Bureau of 
ines and Geological Survey. vii+212 pp. 
$5.00. Public Affairs Press. Washington. 
YEARLY sixty members of the staffs of the Bu- 
reau of Mines and the Geological Survey have 
ed their knowledge to compile and synthesize the 
mation contained in this volume. Like any com- 
ion, it is not designed to be read at a sitting, 
it should be required reading for those to whom 
According to Secretary Krug, these 
Government officials, 


J Ss addressed. 
#tlude “legislators, 
1 consumers of minerals, and others nigga with 
Mblems of mineral supply.” Obviously, it is little 
Bre than a pious hope that many acces and 
}ernment officials will absorb the basic facts which 
fe book contains, even if copies come into their pos- 
session, for it takes a different psychological approach 
fin is embodied in a compendium to reach the aver- 
rressman or government administrator. 


age cong 
An introductory 


wil 


producers 


section sets forth the objectives, 
methods, and results of the survey, providing an hon- 
@ appraisal of its limitations. To anyone familiar 
with the mining industry, the imperfections of knowl- 
@ige regarding any ore body 
well known. 
aad geological skills have been applied to the delinea- 


being developed are 


There are cases which engineering 


tion of ithe deposits with such painstaking care that 
féliable estimates of tonnages are available. As the 
hors make clear, these are the exceptions; hence, 


te estimates of reserves for any metal or mineral can 
no more accurate than the data from the individual 
osits which, in sum, comprise the nation’s reserve. 
BA second section discusses trends in the 
uses of the mineral industry, including exploration. 
the limited space devoted to this subject it 
usly impossible to do justice to its many ramifica- 
ms, but the private operator is bound to feel that 
lething less than justice has been done to individ- 
f and corporate initiative in developing technolog- 
ial processes 
s@ves and increased recoveries, or created new uses 
fot old and new mineral products. Even so, it is a 
teful summary with a cautiously 
point. 
iA pproximately three quarters of the book are de 
ed to brief but careful surveys of the known and 
spective reserves of thirty-nine individual metals, 
Hnerals, and fuels which are of critical importance 
iff our industrial economy. Quite literally, the sub- 
J t is covered from A (Arsenic) to Z (Zinc), draw- 
® upon the vast fund of private and public informa- 
On placed at the government’s disposal during the 
fr. Such a survey could have been prepared only 
consequence of a national emergency that 
bmpted or forced individuals and companies to 


several 


is Ob- 


— 


and devices which have expanded re 


prophetic view 
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BOOK REVIEWS 


‘ ’ 
divulge int tion privately ac ( priv 
] hlic ; ; imel 1 1 "Tt wil 

hel [ S pubDlication 1S timely, tor it p vides 

. 1 

inventory Ot resources at a moment when we need to 
tal tant £ materiate far th a ‘ate 
take StOcK OL OUr TraWw Materials Or the mmMmedlat 
future. The composite picture 1s more encouraging 


pessimists would have us be 


lieve, yet, in a list of thirty-nine minerals, this nation 
falls short of self-sufficiency in twenty-seven, for ten 
of which we produce less than 10 percent of our ré 
quirements. 

It is probable t he book will be criticiz 
self-imposed limitations, and for the scrupulous pre 


ervation ot 


organizations that comprise the mineral industry 
Criticism of this kind is gratuitous, however, tor thi 
is not a treatise on the mining industry but o1 
national mineral reserves. ‘The authors have achieve 
their goal with commendable success, though one 
may reasonably lament the mediocre prootre 
ind the poor job of printing from which the volume 
suffers. Scientists will perform a patriotic du 
they will nake i sincere ort eC the b 
comes to the ention of the les ors and of 
for whom it w written. It reasonably certain 
that the producers and consumers of , 
not miss it 

How \RD \ \ FI 
Department of Geology and Geography 


Birds Pre} of Vortheastern North Ameri Leon 
\ugust Hausman. xxv + 164 pp. Illus. $3.75. Rut 
gers Univ. Press. New Brunswick, N. J 


1 


Fk FOR no other reason than the fact that it forges 


another link in the desperately needed chain of 
favorable publicity for our birds of prey, this book 
would be useful, and it should go a long way toward 
breaking down the almost iannaea lable wall of blind 


ignorance and prejudice against fhe tri 


1 
ful and necessary creatures. Hausman has cleverly 


woven a strong thread of constructive conservation 
interesting work. He has 
and has carefully 


nosed “dickey- 


through every page of this 
done this in a very clear-cut manner 
avoided classifying himself as a long 
birder,” an attitude that has ; 
persons that well-meaning conservationists try to win 


ilienated many of the very 


Birds of Prey, although conveying the impression 
that it is a technical work, definitely is not. It deals in 
generalities and should have appeal to the student not 


advanced in bird study. The competent ob 


will be di 


too fat 
server of raptores, 
to find the 
of this type. 

If, as I believe, 


however, sappol nt ed not 


exacting data he would expect in a book 


this book is intended, not for students 
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but for ordinary readers, such readers will find them- 
selves much more familiar with the personalities and 
the intricate relationship of our birds with the rest 
of the living world than before. 

There is a line illustration covering each species, 
and these are quite good considering the limitations 
of simple line technique. Naturally, full-color paint- 
ings lend warmth and are of much greater value for 
purposes of identification. 

T. H. CUNNINGHAM 
Rockville, Maryland 


EVERYBODY’S AGRICULTURE 


The Business of Farming. Herrell DeGraff and Ladd 
Haystead. xviii+244 pp. Illus. $3.00. Univ. of 
Oklahoma Press. Norman. 


HE title of this book implies that a reader could 
(lesen to find most of the problems discussed 
that affect profits and losses in farming. This book 
does admirably on production phases. It briefs one 
almost equally as well on organization and reorganiza- 
tion of the income enterprises on a specific farm or 
area of land. It does not emphasize nearly so well the 
problems of credit, value of lands, first costs, hazards 
in owning property, debt repayment, and loss of prop- 
erty owing, not to inefficient management, but to error 
at time of purchase. 

One finds more than the usual proportion devoted to 
productive phases of the farm and less to farm man- 
agement or ranch organization. Soil- and water- 
management problems hold the prima donna position 
whether it be on a 10-acre tract, 160-acre standard, or 
a 3-section wheat farm in the Plains. 

The authors should not lose sight, however, of the 
almost equally important phase—economic disasters 
caused by purchase of either good or poor land at too 
high a value at the beginning of one’s “business of 
farming.” 

In American agriculture nowadays a farmer, to be 
successful, must produce yields above average for his 
community. To do this he requires technical informa- 
tion on the variety of seed to plant, kind of fertilizer, 
method of applying fertilizers, control of plant diseases 
by new kinds of chemical compounds, and newest 
labor-saving equipment, as well as the cheapest and 
the easiest way of preserving and storing the har- 
vested product. Recognizing this fact, the authors have 
mentioned in a general way some of the new techniques 
in production such as DDT, soil fumigants, hormone 
feeding, weed killers, vitamin retention, etc. 

A young, nontechnically trained reader or a busi- 
nessman putting his funds in land for investment might 
think that current know-how in production is more 
important than future know-how or the problems due 
to price changes. All except the young and inex- 
perienced know these techniques will be obsolete a 
few years from now. 

The Index could have been two- or threefold longer 
in order to give more topical descriptions. The in- 
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quiring young businessman without a f 
ing in agronomy or animal science, for ex 
after consulting the Index, then write fo 
134 references listed or see his county 
county-agent approach is more effective 
ences for new techniques in production. R¢ 
more effective with economic problems. 
money or farm-management services a1 
plicable to these problems than general 
from rural departments of 
colleges. 

For some types ot readers—perhaps t] 
financially successful in some other busi: 


economic 


nonacademic, white-collar, salaried man 
to technical information will not be of int 
college graduate, fresh out of college thi 
years, itching to leave his job and get int 
cattle finishing business, dairying, or raising 
celery, or cabbage, will probably obtain ar 
the references on his problem. 

The second problem, that of organizatio1 
well treated by the authors as production 
Naturally, only general terms and _polici 
mentioned. Full credit should be given the aut! 
attempting to discourage anyone trying to get 
quick in agriculture. In several places favorab! 
ence is made to major income being supplement 
minor-enterprise income, even at an accounting 
In this day of high-cost specialization in prod 
minor enterprises often take justifiable profit 
major enterprises. Today, efficiency goes hand 
with specialization, not with several enterprises 
same farm. A credit structure to withstand | 
three production periods low income caused | 
yields or low prices is the suggested farm orga: 
of some economists. This permits efficiency of pr 
tion in the major enterprise. The authors might 
discuss this in more detail in a revised editior 
three years hence. Labor and equipment manag: 
might perhaps be treated as one. They are wi 
alyzed. If any constructive criticism is offered at 
this phase, it is that the approach to these topics 
academic. Labor problems are continually shitting 
equipment problems. Obsolescence costs in bot! 
chinery and buildings are likely to be many 
greater than the reader will expect to experienc 
ing the next ten to twenty years if he sets his 
structure as indicated in relation to other c 
the farm. 


1 


The treatment of the third and last phase of bus 
in farming—mainly how to keep sales above expets 


—is not too explanatory. The topic is treated 1 


less as if the operator would have a static or fixed 


of prices and costs with which to pay interest 


and other costs. Perhaps that is being too critica 


page 176 we find: “.... an individual farmer ¢ 
little or nothing about price on a bulk market. 
reader who is worrying about purchasin; 
levels or waiting until later can find little « 
the book except that if he buys good land, not to 
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s good management he will average out 
y to thirty years. There is little to tell him 

le over that one or two years out of the 
that may wipe him out entirely. It takes only 
lecline in a farmer’s lifetime to destroy his 


me sucl 

Menty-vear accumulation of credit. 

SP rice declines and area crop disasters don’t disrupt 
farm owner for his whole lifetime. It is the mis- 


Idli 


Be nagenent of credit that permits these two to cause 
Shift in the farmer’s occupation. Some of the most 
cient farmers on the best land on the fringes of the 
Sr belt in the early thirties were forced off the land 
Math only the family and the car. Many of them could 
Site a chapter on how to be successful if credit is 
nervised. Their first item would be not soil manage- 
Bent but credit safety. A poor, run-down, badly 
Bed, once-cultivated farm purchased at less than its 
Batential productive value has made many a mediocre 
anager appear successful on the books of the farm- 
Management association. In the same associations, the 
st eficient managers (some ex-county agents ), who 
@rchased the best land above its potential productivity 
alue, were not so successful and returned sooner or 
er to some other occupation. 
SGood and poor management and good and poor 
arms make up the four general categories, all equal in 
Bportunity for success if the purchase price is in line 
mith potential productivity value. The amateur reader 
Mey get the impression that only good land should be 
Berchased. We often hear the slogan “You can’t pay 
Bo much for good land.” The truth is, it has been done 
for all types of land. 
z Homer J. HENNEY 
plorado Agricultural Experiment Station 
Port Collins 


OURSELS AS OTHERS SEE US 


€ American People: A Study in National Charac 
Wier. Geoffrey Gorer. 246 pp. $3.00. Norton. New 
York. 

OST books on the American people by visitors 
from other countries have been written by 










velers, journalists, and writers and have been ad- 
ttedly impressionistic. As such they have generally 
n refreshing and useful. What distinguishes this 
k, written by an Englishman, is that it is presented 
the reader as an anthropological and psychoanalyti- 
study and thereby lays claim to consideration as 
cientific treatise. It appears to this reviewer, how- 
fer, that most of Gorer’s generalizations lack docu- 
@ntation and frequently tell but half the truth. Ex- 
pt for a few references to other societies, the fact 
t the author is an anthropologist has had no ap- 
ent effect on his methodology. Much of the ma- 
ial of the book is based upon discussions with uni- 
sity colleagues and their wives (he lists the names 
about fifty such informants), who are hardly repre- 
htative of a cross section of the American people. 
a result, most of the author’s observations, at best, 
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apply to the middle class. Furthermore, Gorer’s glib 
explanations of American behavior in terms of psycho- 
analytic concepts applied en masse (the Freudian 
analysis was developed as an instrument for the treat- 
ment of individuals) leave much to be desired and 
detract from many of his otherwise keen and stimulat 
ing observations. 

Che study of national character, at best a difficult 
task and one that lends itself more readily to literary 
than to scientific treatment, is especially difficult in the 
case of the American people, because of the hetero 
geneity of the population and the marked regional, 
rural-urban, and class differences. Mr. Gorer avoids 
this complexity by limiting his study to a restricted 
area of the country and to certain groups that he quite 
arbitrarily identifies with “true Americanism.” Thus, 
he rules out the Southern states, rural New England, 
and California and “ the more obvious minorities, 
whether ethnic, religious or social .. .” (p. 15). By 
eliminating the “obvious minorities” and other 1 
portant Americans who constitute more than a third of 
the nation’s population, Mr. Gorer is no longer study 
ing “The American People.”’ A more accurate title for 
the book might well have been ‘‘Less Than Two Thirds 
of the American People.” In line with this approach, 
Mr. Gorer distinguishes between “complete” and “i1 
complete” Americans and lists the Negroes, Jew 
Mexicans, American Indians, Asiatics, and foreign 
born as among those ‘. . . whose Americanism is fo1 
one reason or another considered incomplet 
(p. 211). The author does not raise the question “By 
what groups are these minorities considered ‘incom 
plete Americans’ ?” Mr. Gorer, perhaps inadvertently, 
has adopted the criteria of “Americanism” of some of 
our most dubious flag-wavers and has mistakenly iden 
tified their propaganda with the thought of most 
Americans. This is further evidenced in his statement 
that “Intolerance, racial discrimination, terrorism, are 
(p. 196). 


The psychoanalytic tone of the book is set in the 


perfectly compatible with Americanism; . .” 


first chapter, entitled Europe and the Rejected Father 
For the author the key to the understanding of the 
American character is the rejection of the immigrant 
father by his children, a process which he assumes 
has been going on since the arrival of the Mayflower. 
He derives many of the fundamental themes in Ameri 
can life, such as the idea of equality before the law, 
equal opportunity, and the dislike of authority and 
consequently of government, to the early rejection 
of the immigrant father who was the symbol of 
authority and all that was foreign. In similar fashion 
he explains the high status of A1tmerican women and 
the active social role of the middle-aged women. This 
type of oversimplified psychological approach is also 
used in his treatment of complicated political phe 
nomena. Thus, he explains “. . . the pathological hatred 
felt for the late President Roosevelt and his family by 
so many of the most respected and respectable Ameri- 
cans...” (p. 35) in terms of the rejection of the 
father and hence of authority. But then he writes that 
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‘*. . . Roosevelt was loved by the less assimilated and 
less assured groups...” (p. 35); i.e., by Mr. Gorer’s 
“incomplete Americans” who apparently had not yet 
learned to hate authority despite the fact that accord- 
ing to the author’s scheme they should have been 
actively rejecting their fathers. Mr. Gorer’s confusion 
arises from his failure to realize that many of the 
Roosevelt-haters did not fear authority as such, but 
feared that Roosevelt would not use his authority in 
behalf of their vested interests. 

Another example of Gorer’s psychological explana- 
tion of American behavior is his suggestion that be- 
cause American babies are bottle-fed by the clock they 
suffer hunger and frustration which in adulthood 
causes them to fetishistically admire women’s breasts 
and drives them to drink—milk! (pp. 77-78). For all 
Gorer’s sophistication, he seems to this reviewer to 
be a babe in the American woods. 

Oscar LEwIs 
Department of Sociology 
University of Illinots 
Urbana 


CATALYSIS, ESPECIALLY IN 
RELATION TO LIFE 


Life, Its Nature and Origin. Jerome Alexander. vii + 
291 pp. Illus. $5.00. Reinhold. New York. 

CIENTIFIC books range between two extremes. 

There are some that quickly lead the reader into 

the very heart of their subject, by skillfully displaying 


its most important features, in logical sequence. Their 
success is in being orderly. At the other extreme are 
books that carry such a burden of detail that they are 
of profit only to those who are already familiar with 
the subject. To such readers a book of this class may 
be especially rich in suggestions, from the very fact 
that the author industriously collected ten thousand 
more or less pertinent facts, then could not bear to 
discard a single one of them in order to clarify his 
main story. 

This book is of the second type. Its title should have 
been ‘Catalysis, Especially in Relation to Life.” The 
author’s thesis may be summarized by brief quota- 
tions, beginning near the middle of the book: 


Life is fundamentally a product of catalytic laws acting 
in colloidal systems of matter throughout long periods of 
geologic time [quoted from Leonard Thompson Troland]. 

The simplest living units of which we have indisputable 
evidence are the genes. 

It is possible that in some cases the gene itself is an 
aggregate of simpler units. ... The smaller and simpler 
the living unit considered the greater the probability that 
the atomic and molecular units composing it might have 
come together by mere chance. 

The original living catalyst was able to initiate its 
own duplication. 

[To explain the development of complex organisms from 
simple ones, and the possibility of organic evolution] : 
Biocatalysts are subject to modification which involves 
the fixation, at an active catalyst area of a gene or other 


138 





catalyst unit, of some particle which chang 
and/or rate of the catalytic change occurrir 

In brief, life is viewed as the result of, a 
by means of, self-duplicating but alter 
surfaces. 

The final chapter is a philosophic g 
creature whom, in our more optimistic 1 
hail as evolution’s greatest masterpiece. k 
Stevenson sixty years ago described this 
more dramatically : 

What a monstrous specter is this man, tl 
agglutinated dust, lifting alternate feet or 1) 
with slumber; killing, feeding, growing, b1 
small copies of himself; grown upon with hai 
fitted with eyes that move and glitter in his { 
to set children screaming ; 

It seems a pity that the author’s view 
reasonable—or at least thought-provoki1 
scured by needless details, or details present: 
wrong places. How life first appeared in 
then a sterile culture medium, the entire eart! 
life spread and developed; how catalysis 
its destiny—that would have made a dran 
It would have been easy to leave the readet 
impression that God, who is worshiped by finogr 
mers as a great mathematician, must reall bf Afri 
master biochemist, putting catalysis to a multitude #gmestin: 

ble to 
ication 
anarea 
spec ia! 
ethinog 


ingenious uses, in every living cell of al 
creation. 

Horace G 
Department of Chemistry 
University of Hawai 


AFRICAN PRIMITIVES 


Tribes of the Liberian Hinterland. George S 
xix +526 pp. Illus. $7.50, paper; $10.01 
Peabody Museum. Cambridge, Mass. 


HIS is the report of the Peabody Museu 
peeve to Liberia, conducted by Mr. a: 
George Schwab in 1928. It covers two t : 
Liberia’s inner border, during which ninety _ 
were spent in the interior: first, from Mom A ere 
both sides of the St. Paul River; and, se 50 
Cape Palmas along the Cavally River in 
east. Nine of Liberia’s twenty-three tril 
studied, namely, the Gbunde, Loma, Mano, Ge 
Gio (Ngere), Tie, Sapa (Sapo), Grebo, and th 
Grebo.” Two maps of tribal distributior 
cluded, one after that of Dr. Struck, and a | 
(1: 534,000) prepared by Dr. G. W. Har 
contribution in “editing, revising, and supple! 
of the data of the Schwab manuscript ma! 
effect virtually a collaborator if not a co-aut 

The basic similarities between these peop! 
made possible a composite topical treatment 
cultures, rather than separate discussions 0! | 
vidual tribes. Variations are mentioned w 
have been noted, and care has been taken | 
to which tribes specific statements pertain. 


Depa 1) 
Nort he 


\ 
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ics area are basically agricultural and subsist 

rice, supplemented by domestic animals. 
we. aico do some hunting, trapping, and fishing. 
varying in size from about ten to three 


ges, 

5 3 ; ; 

<and individuals, are inhabited by several exoga- 
s, patrilineal lineages, which the author calls 
‘lie Neighboring villages whose lineages 


» descent from a common ancestor form the 
’ which was the largest political entity before 
amount chiefs” were established by the Liberian 


Srnment. Even today, chiefs with authority over 


tire tribe are lacking. 

nay question the author’s terminology at sev 

points, as in using “Palaver House” for council 
“devils,” “country devils,” and “Bush devils” 


Cc, 
officials of the Poro and Sande cults, and “Big 
il” for their principal leader. To be sure, these 
s are employed by Africans themselves in speak- 
Sthe pidgin English current in Liberia. Yet their 
tion in place of standard English phrases and 
r use without quotation marks imply a certain 
escension toward African institutions that is out 


hs. 2 eee Se | 


#7 


Blace in a scientific report. 

i) its content, this monograph resembles the earlier 
Mimographies more than the detailed modern studies 
MeAirican peoples; yet one is impressed by the in- 
eresting side lights and details which the author was 

to record during his brief field work. The pub- 
ication of this body of useful information, regarding 

area in which the United States has long shown a 
special interest, fills a large gap in West African 
thnography. 

The reviewer cannot conclude without quoting the 
dedication: “To the memory of Harvey S. Firestone, 
towhom the gratitude of the Liberian people stands 
*¢ enduring monument in the Hinterland.” 

i WILLIAM R. 
Department of Anthropology 
N@thwestern University 
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BIRDS OF THE ANTIPODES 


tralian Bird Life. Charles Barrett. 239 pp. Illus. 
8.50. Oxford Univ. Press. New York. 
IRST printed in 1945, then reprinted in 1947, 
Barrett’s Australian Bird Life is designed as a 
taacly volume, pleasant to read, yet scientific and con- 
l@ming an adequate account of Australian birds. Un- 
G@stionably interesting and scientific, since it is based 
O@the author’s wide and accurate knowledge of Aus- 
ian birds and upon the published works of other 
Mors, the volume falls considerably short of being 
uate except, perhaps, for those already thoroughly 
@@iliar with Australian birds. With only Australian 
Ged Life in hand, identification of more than a ver) 
iF species would be very difficult. 
arrett treats the birds of Australia by broad groups 
as jungle-dwellers, water-lovers, the big land 
Was, birds of the sea, etc. Each chapter is a narrative 
GSeription of a single group, with emphasis on the 
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most unusual or outstanding species. Scientific names 


are included tor all species mentioned, in ; n to 
the vernacular, and often numerous popular 1 S. 
Much factual information based on interesting and 
authoritative observations of habits, nests, songs 


displays, Cie... is recorded in each section Che ve 
is well illustrated with half tones a 


f the latter occupies two pages and illustrates the 


‘ar 
nd color plates; one 


res of thirty-two different species. 


egg 

The most interesting section is entitled Australia’s 
Wonder Birds. In this chapter Barrett vividly de 
scribes the appearance of the lyre and the bowerbirds, 
as well as their habits and their remarkable abil 
build dancing mounds and playhalls and to decorate 
the latter. The “painting” habit of the satin bird 1 
most remarkable. 

The distribution of most species is described, an 
ranges for many are included, but because the volume 
does not carry a map of Australia this information is 
not as useful as it could be. Australian Bird Life isa 
companion volume to the author’s Australian Wald 
Flower Book. 

E. J. WooL_ro_k 


U.S. Forest Service 
Washington, D.C. 


SOCIAL PATHOLOGY 
Psychosocial Medicine. James L. Halliday. 278 pp 
Norton. New York. 


HE author of this book is a prominent British 


$3.50. 


He has undertaken to study the 
It these 


satisfied, the re- 


psychiatrist. 
human 


psychological needs of groups. 
fundamentally social needs are not 
sult is a The medical approach to the 
study of the sick society is called “psychosocial med 


Basically, the book is an ap 


“sick society.” 


icine’ by the writer. 
plication of the concepts of psychosomatic medicine 
to the illnesses of communities and social groups. 

Part One deals with Medical Logic, stating that 
illness must be regarded as a reaction to material as 
well as psychological and environmental factors; thus 
“mechanismic” (mechanistic) and “biological” view 
points are complementary in considering the cause 
and prevention of disease. 

Part Two describes the concept and the incidence 
of psychosomatic affections. The author defines them 
as “bodily disorders whose nature can be appreciated 
only when emotional disturbances in addition to phys 
ical ones are investigated.” At this point the psycho- 
somatic aspects of various chronic diseases and their 
connection with personality types are aptly delineated. 

Part Three treats the problem of the sick society, 
describing the environmental changes in the world 
the child and the adult during the past hundred years 
with their devasting influence on the emotional se- 
curity of modern man. As a result we find a declin- 
decreasing psychological health, and a 


all signs of 


+ 
OI 


ing birth rate, 
deterioration of moral and social values, 
a threatening disintegration of our Western civiliza- 
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tion. In order to survive we shall have to rediscover 
in our lives a sense of social purpose and spiritual 
values—notwithstanding the fact that we have made 
grandiose technical advancements and have improved 
our physical health conditions to an undreamed-of 
degree. The social health of Britain and the United 
States is the subject of special chapters. 

Altogether, we are indebted to the author’s far- 
sightedness in dealing with some of the most pressing 
problems of our time. 

PAuL WENGER 
Bedford, Massachusetts 


SCIENCE IS AMAZING 
A Treasury of Science Fiction. Groff Conklin, Ed. 
ix+577 pp. $3.00. Crown Pub. New York. 

cumin there has been a move to broaden 

the audience for that type of fantastic story 
called science fiction by its followers by republishing 
in book form examples of the genre that first appeared 
in pulp magazines. The present book is the newest 
addition to this field. A good idea of the drive for 
respectability in this field of writing may be had by 
recalling the evolution of the display title for Astound- 
ing Science-Fiction, the magazine from which sub- 
stantially all the recent stories used for reprint have 
been derived. (In the present case all but four out 
of thirty stories are from this source.) Back in the 
thirties this magazine was known as Astounding 
Stories. Later it changed its name to Astounding 


Sctence-Fiction, giving equal prominence to both 


parts of the name. At present it retains the latter 
name, but the Astounding has been sharply reduced 
in size on the cover, and the full emphasis is placed 
on Science-Fiction. 

In some circles, this type of fiction has been con- 
sidered as a possible competitor for the detective 
story as light reading. Though this seems hardly 
probable in the near future, it does provide a fairly 
accurate idea of the quality of these stories. The sub- 
jects are, indeed, often much more interesting, but the 
style and presentation is usually inferior to that of 
good detective stories. It does not appear, moreover, 
that the emergence of these stories from the pulps 
promises any immediate improvement in quality. The 
present collection, for example, contains a story writ- 
ten for the Saturday Evening Post by Robert Heinlein 
that is decidedly below the standard of the stories he 
has written for Astounding Science-Fiction. 

What, then, can be said of the present book? For 
the fan it will probably supply a number of his favor- 
ite stories in a convenient permanent form. For 
those new to the field it is perhaps not quite so likely 
to make converts as the previous anthologies, since 
the vein being worked is not a broad one and much of 
the richest ore has already been removed. It will, 
however, give the new reader a pretty fair picture of 
both the strengths and the weaknesses of this type of 
fiction. Thus, in “No Woman Born,” by C. L. 
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Moore, he will find a very excellent co: 
will also find how it can be diluted by \ 
repetition. ‘With Folded Hands,” by ] 
son, on the other hand, is much more s 
its presentation of a serious idea in f 
In it, as in most of the other successfu 
emphasis on science is small (this des 
evolution mentioned above), little scientific 
tion is attempted, and the fanciful invent 
off times and places are used primarily 
scope of human situations which the aut 
amine. 


California Research Corporation 
Richmond, California 


HEALTH FOR THE MASSES 


You and Your Doctor. Benjamin F. Mill 
183 pp. $2.75. Whittlesey House. 


jie author, a clinical professor of med 
experience in medical research and ¢| 
health field, has given us an unusually re: 
on a subject of vital concern to all. Atten 
focused on the current major questions 
care; for example: the general practitione: 
ualty of modern science ;” overspecializati 
medical practice; preventive medicine; en 
ness; medical check-ups; medical educatio: 
search; prepayment of medical care; and ad 
tion of national medical The status 
medical care is repeatedly and forthrightly c! 
although generally in a temperate vein and 
ulating discussions of the changes deemed 
As regards the argument tl 


care. 


tively necessary. 
American health is excellent by comparison wit 
vious years or other countries, the author ret 
“We should use only one yardstick to measur 
It must be based on the scale of what can b 
at the present time” (p. 175), and he det 
that very much more indeed could be attai 
now. 


There is some confusion in the book about : 


lationship between group practice and pre; 
apparently an assumption of identity betwee: 
(pp. 45, 123, 179). Actually, most groups are | 
service (about 80 percent of groups with five 
physicians, as of 1946). It is well to remem! 


that medical groups, prepayment or otherwise, ! 
approximate the ideal dealt with in the book— 


more closely, others not so closely. Be this 
there can be no doubt that, in this simpl) 
informative and provocative book, the 


made a notable attempt to acquaint the layma! 


ty 


the point of view of one important school 
thought on ways and means of attaining 
national health. 


U. S. Public Health Service 
Washington, D. C. 
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’AAS SUMMARIZED PROCEEDINGS 
: AND DIRECTORY 


If is a pleasure to report that the Summarised Pro- 
vedings and Directory of Members ot the Association 
few nearing completion and is scheduled to be ready 
Mdistribution in August. The long delay in its 
Barance has been due entirely to the difficulties of 
: ng such books printed. 

he forthcoming volume is more than a report on a 
iry of activities of the Association. It includes 
sponding information about the Pacific and 
hwestern Association. Still 
er, it contains important statistical data about 
of its 203 affiliated and 
s and addresses of their 
nization, objects, membership dues, total member- 
_ divisions and branches, meetings, journals and 
cription prices, prizes and medals, and libraries. 
‘ther these data present a summary of the present 
hs of most of American organized science. 

a background for the activities of the Association 
its affiliated and from the 
ctive dates of their organization to the present 
, the dates of the founding of the principal acad- 
science and universities throughout the 
d are recorded from the year A.D. 983 to about 
. In order to illustrate how far the organization 
ientific societies has advanced in the past hun- 
years, a review is presented of the attempts to 
lish them in this country in the decades immedi- 
preceding the founding of the Association a 
fred years ago. 

ientific progress has been so rapid and revolu- 
ary during the life of the Association that it is 
ult now to understand and appreciate the great 
ntures and achievements of our predecessors a 
decades ago. To assist in the orientation of 
ers, the historical sketch of the Association is 
led into five 20-year periods, and a few of the 
est scientific discoveries in each of them are 
erated. In these reminders of the great achieve- 
s of the past such names as Lyell, Darwin, 
hoff, Mendel, Mendelyeev, Hertz, Maxwell, 
ck, DeVries, and Bateson appear. 

e Directory of Members portion of the book 
mut 1,500 pages) contains approximately 40,000 
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names, alphabetically arranged. The name of each 
member is followed by the year of his birth, his ad- 
dress, the university from which he received his high- 
est degree, his field of specialization or chief scientific 
interest, his professional position, the vear he became 
\ssociation, the year he became a 


\ssociation 


a member of the 
Fellow, and the section or sections of the 
with which he is affiliated. 

The volume closes with an unusual and valuable sec 
tion, a Geographical Index of the names and sectional 
affiliations of all members of the 
December 31, 1947. That is, the names of all mem 
residents of the United States are 
states in alphabetical order, then 


Association at 


who are 
grouped, first by 
by cities and towns within the respective states (also 
in alphabetical order ), and, finally, the names of mem- 


bers 


bers in each city or town are arranged in alphabetical 
order. The names of members who are residents of 
foreign countries are similarly arranged alphabetically 
in sequence by continents, countries, cities, and in 
dividuals. The Association has members in 76 foreign 
countries. 

It frequently happens that a librarian or scientist 
wishes to get the names of chemists, zoologists, or 
specialists in some other field of science who are 
residents of a particular city, such, for example, as 
Urbana, Illinois. With the new Directory before him 
he will turn to Illinois in the Geographical Index, 
and then to Urbana. Probably to his surprise, he will 
find that 77 members of the Association are residents 
of Urbana. To the right of each name is a letter indi 
cating the sectional affiliation of the member—C for 
chemistry and F 
and Fs he will learn that, of the 77 members of the 
Association who are residents of Urbana, 33 are chem- 


for zoology. By counting the Cs 


ists and 29 are zoologists. If he should desire infor 
mation about any chemist or zoologist in the list he 
would then turn back to the General Directory. 

KF. R. Mou.ton 


SYMPOSIUM ON NATURAL 
RESOURCES 
THE Symposium on Natural Resources will deal, in 
a broad and diversified manner, with man’s relation- 
ship to the useful materials in his environment. The 
aim of the contributions will be to clarify thinking by 
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the scientific and general public on the principles in- 
volved in a wise utilization of such resources. At the 
present time the difference between the renewable, or 
cyclical, and the nonrenewable, or noncyclical, re- 
sources of the earth is inadequately appreciated. The 
basis of any sound permanent economy must lie in en- 
suring that the renewable resources are really used in 
ways that permit full cyclic restoration, and that, in so 
far as nonrenewable resources are vital to such an 
economy, adequate provisions for continual exploita- 
tion of progressively poorer sources, and of substitute 
materials, be made continually in advance of exhaus- 
tion. Such substitutions involve social and economic 
as well as purely technological problems. The whole 
material basis of human culture is involved in prob- 
lems of this kind. Such problems can be discussed 
only in terms of a wide range of disciplines, ranging 
from geochemistry and plant physiology to economics 
and social anthropology. Moreover, any practical con- 
sideration of the question as to whether we are making 
the best use of our resources inevitably involves prob- 
lems of value in contemporary cultures. A particu- 
larly urgent case is involved in the extreme strain 
placed by modern warfare on the riches of the earth. 

The contributors to the symposium will be T. S. 
Lovering, of the U. S. Geological Survey; Stanley A. 
Cain, of the Cranbrook Institute of Science; and G. E. 
Hutchinson, of the Osborn Zoological Laboratory, 
Yale University. Dr. Lovering has had extensive ex- 
perience as an investigator and a teacher and has 
given much attention to the general aspects of mineral 
resources. He is a graduate of the Minnesota School 
of Mines and has a doctorate from the University of 
Minnesota. He is the author of Minerals in World 
Affairs. Dr. Cain is one of the ablest of the younger 
botanists of the United States. He is a graduate of 
Butler and has his doctorate from the University of 
Chicago. Before being called to the Cranbrook In- 
stitute he taught at Butler, Indiana, and the Univer- 
sity of Tennessee. He has been particularly interested 
in the broader aspects of plant ecology and their rela- 
tionship to evolutionary and general biological prob- 
lems. Professor Hutchinson, who has given attention 
to these problems in connection with his work as con- 
sultant in biogeochemistry at the American Museum of 
Natural History, will discuss “Man in the Biosphere.” 


SYMPOSIUM ON SOURCES OF ENERGY 

THE material progress of civilization 
largely on the energy that man can make available to 
do his physical work. The energy of the sun over past 
ages has been abundantly stored and conveniently 
packaged for our use, but we are using up these re- 
sources at an alarming rate. We know that the sun’s 
energy comes from reactions of atomic nuclei and we 
have lately learned how to produce atomic energy 
under controlled conditions. We are not sure that 
mankind can be trusted with this newly discovered 
source of energy. but we must carry our research pro- 
grams forward vigorously to determine how our re- 


depends 
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sources of uranium and thorium can b 
for peaceful purposes. Finally, we have 
the sun with us always, but we are now 
a small fraction of it. Sunlight falling « 
surface does not give temperatures high 
attractive for the direct production of 
Our most common method of utilizing 
by means of a photochemical reaction i1 
hydrates are produced that can then 
the oxygen of the air to release this sto 
higher temperatures. 

What are the facts regarding a great 
the sun’s energy, and what are the chan 
creasing world population in its insatia 
more energy can, in the future, obtain st 
the sun? 

Most of the energy running man’s n 
from oil or coal or water power. In 
Fuels,’ M. King Hubbert, as 
tor of Exploration and Production Resea1 
Company, Houston, Texas, will discuss 
sources; he will review briefly the evolut 
fuels and show that many geological ag: 
sary for nature to accumulate the fuel that 
in a few generations. He will emphasize 
the exploitation of fossil energy is irreversi}] 
the historical events associated with it 
precedent and incapable of repetition. 

Mr. Hubbert will give a summary of t! 
mate magnitudes and distributions of 
classes of fossil fuels over the surface of 
He will try to project the time sequenc 
future, and will show that the rates of cor 
these fuels after passing a maximum, 
maxima, must ultimately decline asympt 
zero. 

Speaking on “Atomic Energy,” Eugen 
of the Physics Department, Princeton Uni 
discuss the possibilities for the utilizat 
uranium and thorium resources found 11 
Professor Wigner played an important 
successful design of the nuclear chain-r 
at the University of Chicago, and in 1946 
research director of the Clinton Laborato: 

Farrington Daniels, of the Physics De; 
University of Wisconsin, will speak 
Energy.” He will emphasize the very effi 
which nature makes use of the enormous 
energy that fall annually on every acre of t 
surface, for the production of carbohydrat 
organic material in the growth of plants. H 
marize recent developments and new lal 
periments designed to understand better 
nism by which carbon dioxide and water 
together by means of sunlight working 
agency of chlorophyll; he will also summat 
now known concerning the possible effici 
number of tons of carbohydrates that can | 
per acre per year with different kinds of 
will discuss some of the speculations that h 


Fossil 


stan 
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da greater utilization of sunlight for the 
of fuel and food, particularly in areas 
il and water conditions are not conducive 
ure. Finally, he will outline briefly other 
sat have been made for utilizing sunlight to 
energy requirements of future civilizations 
fossil fuels have been exhausted. Professor 
is director of the Metallurgical Laboratory 
he University of Chicago during 1945-46. 


’ syYMPOSIUM ON WAVES AND 
RHYTHMS 


Dxe of fifteen symposia planned for the Centennial 
BMebration in Washington of the American Associa- 
fe for the Advancement of Science will deal with 

B subject of waves and rhythms. If nature ever 

horred a vacuum, 

ythms. Rhythmic events are characteristic of many 


+ 


she seems to love waves and 
© nomena, ranging from social, political, and eco- 
, ic cycles through a variety of biological rhythms to 
Miation phenomena in chemistry and physics. 
Mhree papers will be presented on September 14 
e ling with selected aspects of this subject. James 
Macelwane, S.J., will consider rhythmic events in 
earth’s crust from the point of view of a seis- 
Blogist. Dr. Macelwane is professor of geophysics, 
gn of the graduate school, and dean of the Institute 
B Geophysical Technology at St. Louis University. 
& is a member of the National Academy of Sciences 
m author of several books and many papers on seis- 
logy and related subjects. 


ms r : ° ‘ . 
SHudson Hoagland will consider aspects of bio- 


& 


ical rhythms with special reference to determinants 
rhythmic activity in the nervous system. Dr. Hoag- 
apd is executive director of the Worcester Foundation 
Experimental Biology, neurophysiologist at the 
orcester State Hospital, and research professor of 
siology at Tufts Medical School. He is the author 
% numerous publications dealing with aspects of 
rophysiology and the physiology of time. 
A third aspect of waves and rhythms will be dis- 
Missed by Vern O. Knudsen, a student of the 
sics of sound and of supersonics, who has made 
@standing contributions to the solution of problems 
B® audition. Dr. Knudsen is professor of physics and 
n of the graduate division of the University of Cali- 
nia at Los Angeles. He has served as president of 
t Acoustical Society of America and in 1934 was 
@arded the thousand-dollar prize of the AAAS. In 
lition to many scientific papers, he is the author of 
chitectural Acoustics and Audiometry. 


SYMPOSIUM ON PROBLEMS OF 
THE OCEAN 


AMONG the dozen or more symposia to be held dur- 
@ the Centennial Celebration of the AAAS at Wash- 


gust 1948 


} 


ington, is one on Problems o 


Ocean. 
1 


the physical, c 


September 


Oceanography, which includes 


: , 1 ; 
ocean and Whicl ields such 


much bette lerstanding ot the phenomena 


oceans. ifl 


In the pres Ii 


of the world, th 


sidered as connecting links rather than 


barriers, and when it is also clear that the rapid 1 


1 
in populations “qui San expand 


I 
dependency on marine resources, 


increase in hum: 
> resources OI 


perhaps the only major area not yet fully exploited 
Early oceanographic expeditions obtained empi1 


information on currents, temperature, waves, 


other phenomena. These followed notable advances in 
devising physical and chemical theories to explain 


distribution of properties found in the ocean, but 


the present time these fall far short of actually accoun 


ing for existing conditions. Theory and experi 


will undoubtedly provide explanations and met 
for predicting time changes and for extrapolating 
knowledge into the depths and other areas thus tat 


still far 


future, however. Because of the complicated 


essentially unexplored. This goal is 


the interrelationships that exist in the ocean, 
present necessary in many cases to turn to et 
correlations to meet immediate demands. 
Although 
are never at rest, nor is the distribution of properties 
Within 


and over short intervals of time, 


fundamentally unchanging, the oceans 


ever twice exactly the same. limited area 
conditions change 
a degree that exerts great influences on the orga 
living in the sea, on the atmosphere, and 
coasts and sea bottom. Because of these facts thi 
interrelationship between the various phases of ocean 
ographic research, and their mutual dependence on 
related fields of endeavor, have long been recognized. 
the syl 


The themes of the three speakers at posium 


} 


pases 
Carl 


(Jcean 


on Problems of the Ocean represent the major 
on which the science of oceanography rests. 
Eckart, director of the Scripps Institution of 
ography at La Jolla, California, will discuss the theor Vy 
it that 


of stirring and mixing; it is ordinarilly thoug] 
stirring and mixing can occur only in turbulent mo 
tion, but that relat 
simple motions also ic] 


closer examination reveals 


result in stirring. Richard 

Fleming, Chief, Division of Oceanography, Hyd: 
graphic Office, U.S. Navy, will describe the require 
ments for and the 
information. 


surveys various applicati 

Daniel Merriman 
Laborator Vy, 

. R 


University, will talk on the biological problems 


oceanographic 
rector, Bingham Oceanographic 
ocean. The symposium will conclude with comments 
from the floor by several principal discussants and 
members of the audience. 








SYMPOSIUM ON GENES AND 
CYTOPLASM 


ANOTHER of the fifteen symposia planned for the 
Centennial Celebration of the American Association 
for the Advancement of Science is to deal with genes 
and cytoplasm. The fundamental importance of the 
gene in all kinds of creatures from microorganisms to 
man is widely recognized; but how genes accomplish 
their great effects, control of the biochemical, physio- 
logical, structural, and behavioral properties of the 
organism, has only within the past decade been sub- 
jected to concentrated exploration on a scale and in a 
manner that may lead to a general solution. This 
broad question involves two distinct problems that 
have been attacked by different experimental meth- 
ods. On the one hand is the problem of the nature of 
the primary activity of genes, their first, and possibly 
their only, direct activity. On the other hand is the 
problem of how these basic gene activities can result 
in the development of an organism with its cells and 
tissues alike in genes but different in hormone and 
enzyme production, in structure, and in behavior. 
The problem of abnormalities in development, such 
as cancer, is at least in part a special case of the 
more general problem of developmental differentiation. 
Not only are the diversities among cells of one body 
cytoplasmic, but the products of gene activity oper- 
ate in the cytoplasm, and there appear to be, more- 
over, cytoplasmic materials (plasmagenes) compar- 
able to nuclear genes. The cytoplasm must therefore 
be investigated along with the genes in attempts to 
discover what genes do and how cells with the same 
genes become diverse. These two major problems are 
dealt with from biochemical, genetic, and embryo- 
logical points of view by the three papers to be pre- 
sented in the Symposium on Genes and Cytoplasm. 

One of the most fruitful trends in modern work has 
been to shift attention from morphological traits, 
which are remote from the primary action of genes, to 
biochemical properties of the organism, which must 
underlie the morphological traits and be more directly 
related to primary gene activity. Among biochemical 
traits, two classes have held out the greatest promise 
of being close to primary gene activity: enzymes and 
antigens. Indeed, it has even been suggested that the 
primary products of gene activity may be enzymes, 
antigens, or ineir specific reactive molecular group- 
ings. In this field, no modern investigation has been 
more successful or attracted more attention than the 
biochemical genetics of the bread mold, Neurospora, 
a program initiated by the geneticist Beadle in collabo- 
ration with a group of biochemists led by Tatum. One 
of the initial members of this group, the biochemist 
David Bonner, of Yale University, will present a 
paper on the status of genic control of biochemical re- 
actions and the possibility of arriving by such studies 
at a knowledge of the gene and its primary activity. 

Whatever conclusions are reached as to the pri- 
mary action of a gene, they will have to be reconciled 
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with many facts discovered by the method 
Among these are the facts on which 
concepts of position effect, interaction of 
genic balance. The activity of a gene may 
either in dependence upon its position in 
some, or by the kind of allele present 
nucleus, or by the ratio between the num! 
of one kind and the number of genes of 
present in the nucleus. These phenomena, 
themselves quite aside from the difficulty oi 
them with the rapidly growing knowle 
chemical genetics, form the subject of a 
presented by Curt Stern, of the Univers 
fornia at Berkeley. Professor Stern has 
new facts in these fields and interpreted 
theoretical concepts to account for these difficul: 
ters. These concepts lend themselves readi 
conciliation between them and the new | 
genetics. 

The biochemical approach represented by Bo 
and the genetic approach of Stern go far toward 
viding us with insight into the primary act 
genes. There remains, however, the essential] 
bryological problem of accounting for the origi 
differences among cells with the same genes. Her 
decisive role of cytoplasmic factors has long | 
suspected. In agreement with this, German 
geneticists have for over 20 years been accumulating 
evidence for the existence in the cytoplasm of ¢ 
like determiners. Similar agents have more recent 
been discovered in a few animals by French, Amer 
can, and English workers. Curiously enough, thoug 


the problem is essentially an embryological one, th 
main clues to its solution have come from studies oy 


unicellular organisms, in which all the cells produc 
by one ancestor are usually alike in traits as well 
in genes; yeast, bacteria, and the protozoan 
mecium. It is no accident that the traits investigat 
in these organisms are mainly enzymes and antigen 
the two classes of substances held to be most close 
related to gene activity. An account of this work wil 
be presented by T. M. Sonneborn, of Indiana Univer 
sity. The work to be reviewed by Professor Sonnebon 
leads to the view that the products of gene activity at 
themselves endowed with the genic property of sti 
duplication and that competition among these plasm 
genes gives rise to persistently diverse cell types 

With this full turn of the wheel, there emerges tht 
beginning of a synthesis. Each gene performs a (et: 
nite biochemical activity, probably conferring 
cificity upon the more complex materials of the ¢ 
such as enzymes (Bonner) ; in this activity, the gent 
vary in their affinity for the substrates on which thi 
operate, and then vary in their efficiency in operat 
upon them (Stern) ; the enzymes and antigens spe 
fied by gene activity may themselves be gene 
(plasmagenes ), and the diversities arising among ct!’ 
with the same genes may be due to the different tt 
sults of competition among them under different cot 
ditions (Sonneborn). 
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you can BE SURE... 1F irs Westinghouse 





Who needs a laboratory WITH 20 SIDES? 


The answer is—a Westinghouse light- 
ing engineer. The reason? So he can 
test street lighting units before they are 
put into production. 


To measure the efficiency of street 
lights, research engineers at the Cleve- 
land Lighting Plant designed and built 
the structure shown above. Known as 
an “icosahedron”, it has 20 snow-white 
walls which reflect light perfectly. Over- 
all efficiency is measured by a photocell 
behind a small window in one side. 


In addition, to make sure that street 
lighting equipment will maintain the 
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Westi 


PLANTS IN 25 CITIES... 


desired performance under actual oper- 
ating conditions, Westinghouse engi- 
neers install it on a specially-built street 
that is located near the plant. Only then, 
after a series of exhaustive tests . . 

including exposure to severe weather 
... is the unit released for production. 


This type of exacting research is not 
confined to the development of better 
street lighting units. It is standard pro- 
cedure throughout the Westinghouse 
organization ... whether the product 
is an electric iron or a steam turbine. 
You can be sure... if it’s Westinghouse. 
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THE ALPHABET 
By DAVID DIRINGER, D.Litt. 





This - by the distinguished archaeologist and 

a ntalist is one of the most important works of 

feal sc! ‘larship published in this century. Dr. 
areus N. Tod, the eminent Greek epigraphist of 

oer l’niversity, writes that the author’s ‘‘learn- 

and seope fill me with amazement.’’ 

4 1000 Illustrations. 600 Pages. $12.00 
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e Diary and Sundry Observations of 
HOMAS EDISON 
DAGOBERT D. RUNES, Editor 






he diary, observations and notes of Thomas Edi 
Dn presented for the first time in book form. 
®The personality of an eager, creative man stands 
it on every page. The volume is to be wel 
mmed.’’—N. Y. Times $4.75 


PSYCHOLOGICAL ATLAS 
By DAVID KATZ 


q .. . amost valuable book . . . we must be 
rateful to Professor Katz for showing us by 
eans of many impressive pictures how colorful 
id varied the interests of psychologists are in 
Burope.’’-—WOLFGANG KOHLER, Swarthmore 
ollege $5.00 













CIENCE SINCE 1500 
By H. T. PLEDGE 
A remarkably complete account of mathematics, 


hysics. chemistry and biology, based on careful 
cholarship.’’—Manchester Guardian £5.00 








PSYCHOLOGY of IMAGINATION 
y JEAN-PAUL SARTRE 


The first major work in psychology by the distin 
uished French existentialist to appear in the 


Orr 


Tnited States. $3.75 


OLD KOREA 
y ELIZABETH KEITH 


Phis delightful book describes in text and pictures 
ttle known Korea. ‘‘. . . a beautifully produced 
Btudy.’’—The Observer $7.50 


OW OUR MINDS WORK 
y C. E. M. JOAD 


‘A brilliantly-written survey of current concepts 


, Fr 


f psychology.’’—Psychiatric Quarterly $2.75 
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THE THOUSAND DOLLAR PRIZE 


The First Thousand Dollar Prize for ‘ta Notable 
Contribution to Science’”’ was established in 1923 
by a friend of the American Association for the 
Advancement of Science who wishes to remain 
anonymous. Beginning in 1923, the Prize has been 
awarded at each annual meeting of the Association, 
in recognition of the importance of scientific re 
search reported for the first time before some sci 
entific session at a general meeting of the Associa 
tion. It is not necessary that a paper considered 
for The Thousand Dollar Prize shall have been 
presented by a member of the Association, but, to 
be eligible for consideration, it shall not have been 
an official address or an invited paper. It is the 
wish of the donor of the Prize that younger scien 
tists shall be particularly considered in making the 
award. 

Thirteen of the prize winners have written art 
cles for our Centennial Issue. Their contributions 
appear in the pages that follow. Other recipients ot 
The Thousand Dollar Prize, not included in this 


issue, are: 


1923. * Leonard Eugene Dickson (mathe 


matics ) 


1924 Edwin P. Hubble (astronomy) 
(shared equally with L. R. Cleve 
land ) 


1925 * Dayton C. Miller (physics) 


1926 * George D. Birkhoff (mathematics ) 


1927 H. J. Muller (genetics) 
1928 Oliver Kamm (chemistry) 
1934 Vern O. Knudsen (physics) 


1935 P. W. Zimmerman (plant physiol- 
ogy) and A. E. Hitchcock (bot 


any ) 

1936 W. M. Stanley (chemistry) 

1939 I. I. Rabi (physics ) 

1941 D. E. S. Brown (physiology) (with 
F. H. Johnson and D. A. Mars- 
land) 

1947 Harrison Brown (physical chemis- 


try ) 


* Deceased 
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,1{| THE FIRST PRESIDENT OF THE AMERICAN 
ASSOCIATION FOR THE ADVANCE- 
| MENT OF SCIENCE 


William C. Redfield was born March 26, 1789, at Middletown, Connecticut, the eldest of the 
six children of Peleg and Elizabeth (Pratt) Redfield. To avoid contusion with two other William 
Redfields in his vicinity, he himself added the middle initial C to his name. It stood, he was wont to 
say. for “Convenience.” Peleg died in 1802, leaving the family in straitened circumstances. W1l 





. liam was apprenticed at thirteen to a saddle and harness maker of Upper Middletown (now 

Cromwell), Connecticut. In the evenings he studied science by the light of a wood fire. His chiet 
, inspiration came from Dr. William Tully, a local physician, to whose library young Redfield had 
) free access. \ 


His mother remarried in 1802 and moved with her husband, his nine children, and her fou 


youngest to Portage County, Ohio. When his apprenticeship was over, William set out on foot, os 
jover primitive forest trails, to visit her. In 1811 he tramped back along a more southern route to ; 
Middletown, where he went to work at his trade. He also ran a small store. Every possible spare | 


moment he gave to the study of science. On September 3, 1821, came the “great September gale ; 
shortly afterward, on a trip to western Massachusetts, Redfield concluded, from the lay of the trees 
felled by the wind and the times of the storm’s occurrence at various places, that the storm had 
Ihbeen a progressive whirlwind. In 1831 he brought this fundamental concept of the nature of such 
storms to the attention of the public, in an article in the American Journal of Science and Arts. His 
paper in the October 1833 issue of the Journal is a meteorological classic (Observations on the 
sHurricanes and Storms of the West Indies and the Coast of the United States). He put his 
iknowledge of hurricanes to work by devising a set of practical rules by which the mariner could 


hitr 


iknow where he was in such a storm and what io do to avoid its dangers. 


by 
Redfield’s interests were many. In 1820 he turned his attention to steamboat navigation. Travel f 

iby boat had fallen off owing to a number of disastrous explosions. Redfield put into successful t 

joperation between New York and Albany a line of “safety barges.” These barges, or passenger : 

tboats, were towed behind a steamboat at a sufficient distance to be safe in case of a boiler ex 

tplosion, After the public went back to the cheaper and faster, if less safe, mode of travel, the barges . 


iwere used to carry freight. After more than one hundred years this method of river shipment is still 
fin use. Redfield was also interested in railroads, and in 1829 published a pamphlet on a proposed 
jrailroad to connect the Hudson and the Mississippi rivers (Sketch of the Geographical Rout 
[sic] of a Great Railway .. . , 1829). He urged the construction of other railroads, among them 
Sone from New York to Albany, in spite of the fact that he was financially interested in travel and 
pshipment between these points by boat and barge. In 1848 he was elected the first President of the 






)American Association for the Advancement of Science, an organization he had helped to found, 
sand presided at its meetings in September of that year. Redfield died in New York City on Feb 





ruary 12, 1857.—Abridged from the Dictionary of American Biography. 
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THIRTY YEARS OF MASS SPECTROSCOPY 


ARTHUR J. DEMPSTER 


Dr. Dempster, Argonne National Laborato 


Dollar 


N THIS anniversary year of the AAAS it ts 
fitting that we should review the development 
of mass spectroscopy. It is now nearly three 
des since many of the ordinary chemical ele- 
ts were found to be made up of isotopes, that 
bf atomic forms that are chemically identical, but 
er in mass and other nuclear properties. At 
close of the first world war the theory that 
atom had a central nucleus was well established. 
made the charge on the nucleus the basis for the 
mical properties of an element, and thus left 
n the possibility of several nuclei of different 
8s having the same charge. The naturally radio- 
ve substances had just been satisfactorily ar- 
ged as groups of isotopes. Thus the discovery 
sotopes in the ordinary elements fitted readily 
D the newly developed nuclear theory of atomic 
cture. 
ass spectroscopy is the study of these 1s topes 
their combinations and is based primarily on 
identification of the mass of a charged atom or 
lecule by means of its deflection in a magnetic 
i. The subject grew out of the earlier study 
positive,” or “canal,” rays. These rays appeat 
en an electrical discharge passes through a gas 
a low pressure, and were found to consist of 
itive ions which were attracted to the negative 
rode. If there is an opening in the electrode, 
fays pass through with a high velocity and ex 
@ as a luminous bundle into the space behind. 
se positive, or canal, rays affect a photographic 
fe, cause fluorescence on a screen, or charge up 
electrode in their path. Such a beam of positive 


atoms is deflected when it passes through a mag 


netic field; the amount of the deflection varies ac 
cording to the mass, or atomic weight, of the moving 


particle, and thus serves to analyze the atoms 
present in the beam. Several methods of using thi 
principle of magnetic analysis will be outlined 
this article. 


Mass 
study 


spectroscopy is primarily the scientifi 


of isotopes and the ions made from them, 


but there has been an ever-widening application of 
its results and methods to chemistry, biology, and 


industry. The scientific side includes three basi 


problems: what stable and radioactive isotopes 


exist in each element: what is the relative abun 


dance of the stable isotopes ; and what are the exact 
masses of the isotopes. 

Naturally occurring isotopes. In a series of in 
1907 ore. Sirf. 4 


Thomson had succeeded in distinguishing atoms 


vestigations between and 
and molecules differing in mass by 1 part in 15, 
and in showing that neon was probably made up 
of two kinds of atoms with different masses. Im 
proved methods of analysis were devised in 1918 
20 that were characterized by . focusing 

the naturally divergent beam of charged atoms 
was made to recombine after the magnetic analysis 
The advantage thus gained was analogous to that 
obtained by using a lens—a 


great increase in 1n 


tensity and definition in the images—with the 


sult that the isotope masses of even the heavy 


elements could be separated and measured. In the 


succeeding decades these improved methods wert 





extended to all the chemical elements and showed — electron impact. This focusing arrai 
that in most cases they had a complex isotopic use of the fact that semicircles of tl 
structure. passing through a point come toget] 

The exploration of the isotopic constitution of as shown in Figure 3. This arrar 


the naturally cecurring elements was the main ac oo 


t_v.ty inthis field during the first half of our thirty [}| Semreoot 
vear period. By 1933, 183 isctopes had been — et Cathode ~—_ 


Vapor 


f\¢ 


identified in 695 elements. In the second fifteen Electric | Mets 


° . ) ° > Slit 

vears this number was increased to 283 in the 83 
Magnetic Field 

MassM, 

dA 


naturally occurring elements. Of these, no less 
than 202 in 71 eiements were first found by F. W. 
\ston. The experimental arrangement used by 
Aston illustrates the method used in this analysis 
and is shown in Figure 1. The source of ions was 
the gas discharge at the left in which positively 
charged atoms and molecules were formed and ac Fig. 3. Focusing of a divergent ion b 


energy (Dempster, 1918). 


ic Plate 
rophic T, . : 
pie al proved to be especially useful for mi 
: . 2 » . 
J Gos \\siits + . abundance of isotopes and analyzing 
“a ‘ i— ‘ ° . ig 
CJ Discharge > J produced by electron ionization. Owing 
Anode \ Tube /Cothode i A : : aia . ” . 
Near I = hculty in devising suitable sources of i01 


Gas- = — 


elements, many of the isotopes were not 
till late in the thirty-year period. The spect 
illustrated in Figure 4 was constructed | 


Fig. 1. Focusing of fast and slow ions from gas dis- 
charge (Aston, 1920). 


celerated toward the cathode, thus acquiring vari ster in 1935 and, using a spark to pr 
ous energie —corresponding to 20,000-50,000 made possible the identification of 33 1 
volts. A narrow ribbon of moving particles was in 17 elements. 

deflected by an electric field, the slow ions being Seven of the 283 naturally occurring 
deflected more than the fast. In the magnetic field were first detected by the analysis of opti 
which followed, light masses M, were more de- (C™, N¥, O'%, O*,/ Si", In", and Ph 
flected and struck the near end of the photographic ration of liquid hydrogen at a low te 
plate, whereas the heavy masses M, gave an image served to concentrate the heavy hydroge: 
at the far end. The particle paths shown resulted of mass 2 to a point where it could b 
in the fast and slow rays of each kind being spectroscopically. The helium isotope ot 1 
focused on the photographic plate. An example of detected by the cyclotron and is at 
such a photographic mass spectrum showing seven least-abundant stable isotope known 
nature, since it is approximately a millior 
abundant than ordinary helium. Several p! 
particularly Bainbridge and Nier, using 
spectroscopic methods, added various tsoty 


144 147 150 152 154 complete the present list. 


: The discovery that the chemical elements 

'& made up of isotopes with nearly integra 

: values led to the revival of Prout’s theory 0 
according to which the atoms of all eleme: 


t 


different aggregations of hydrogen at 
fundamental units in the nuclei were at firs 


isotopes is reproduced in Figure 2. 


sidered to be protons and electrons, but 
discovery of the neutron in 1932 and t! 

ment of the theory of nuclear “exchan; 
the building blocks were supposed to !y 


Fig. 2. Mass spectrum of normal samarium, showing 
seven isotopes. 


Another fecusing arrangement, illustrated in and neutrons, the number of protons 
Figure 3, was used by Dempster in 1918 to analyze to the nuclear charge and the total num! 
ions liberated from heated salts, and in 1921 to tons and neutrons being equal to the is 
analyze ions of gases and vapors produced by The binding forces holding these p 


146 THE SCIENTIFIC 








ill a subject of investigation. Recently 





vy of mesons has introduced new elk 


the theory of nuclear forces. To quote 


‘These forces, 1n which the neutral 








Elec lly charged mesons play the role of 
Bons, and the nuclear particles the role ot 
4 these heavy quanta, are still not know: 
met nuch less understood.” 
MA yong the 283 naturally occurring isotopes, 
eral are of special interest. Five radioactive ones 
Mossy. Mr among the stable isotopes, K*°, Rb**, Sm 
“é and RE'*, and the fact that they still exist 


the question of the age of the earth. Re 





miiy small amounts of the relatively short-lived 
Bioactive mene isotope C'™ have been found in 
nic matter. Four stable isotopes of elements use 
1 asin studies have now been separated by 
Cr 
lectric F =< Slow : 
? Field i“ : 
ey i / 
a; 
N 4 | / 
( Magnetic 
. F 
_ 7; ield 
¢ feleration tse ee 
- [ Ze ton 
- ‘S| Source q 
y / Spork’ | 
Electrodes | Photographic 


Ms | Plate 
i ‘| 

4. Path of rays from 
ising mass spectrograph 


spark source in a doubl 


(1935). 


Sal 


methods of physical chemistry, so that the hydro 

isotope of mass 2 (deuterium), carbon of mass 
nitrogen of mass 15, and oxygen of mass 18 can 
These may be built into 


pa 


gobtained by investigators 
banic molecules, or even 
mplex molecules, and be made to show the details 
they can 


into known parts of 


8B me | 


physiological or other processes, since 


identified later by the mass spectrometer. Al 


; ugh the isotopes of an element, as the name 
Senihes, are almost identical in chemical behavior, 


by may differ enormously in nuclear reactions ; 


example, some isotopes 


ae ae 


Mes 


have a very much 
fater power of absorbing slow neutrons than 
ir neighbors, the outstanding ones in this 
pect being B1, Cd!!8, Sm'4°, Gd¥3, Gd, Hg!” 
1 Hg"** (Figs. 2,5). The mercury isotope of mass 
has a very small abundance, but its absorbing 
ver is so large that 5 percent of the neutrons 


orbed form radioactive mercury atoms of mass 


ten 
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150 152 154 










Fig. 5. Abnorm bundance iriuyt 
duced by neutré bsorpt in is e at 14! 
19 wl ( iter a lew hours become ordinar\ vol 
: ] ates | 1] 
Ina nuclear reactor we can make gold in appreciabl 
eter ot C anil em +] ] f+ 
quantities and thus finally realize the are WIS ¢ ( 
] 
alchemists 
Phe rare isotope of uramum, | fi 
1935. is also of special interest. It is worth noting f 
“«* . - . 4 ] ¢ ] ] . ] ] ] 
as characteristic of the essentially eiacierike acd > 





















vance of basic science (popular opinion notwit! 
standing ) that this very Signincant entity was not Ny 
noticed until after fifteen years of active explora : 
tion in this field, and only after 200 other isotopes 
had been discovered. A photograph showing. the ‘ 
doubly charged uranium isotopes is reproduced 1 
Figure 6 

\t first this isotope was of interest to the 
radiochemists because it satisfied all the require { 
ments for the hypothetical “actino-uranium,” the 
origin of the actinium series of radioactive sub 
stances, After the discovery of the fission phenon f 
ena in uranium, the fundamental scientific ques 
tion arose as to whether the faint isotope was re [ 
sponsible for the effects observed. A few micro 7 
grams of uranium were separated in 1940, and the > 
isotope at mass 235 was found to be especially iS 
susceptible to fission. This discovery led to projects tf 





ISOTOPE 





for separating large amounts of the 






Radioactive isotopes were 


Radioactive 
identified in the 






1sote pes. 


naturally radioactive elements as 










early 1906, and the chemical identity of several 
pairs and groups of radioactive substances was 
+ ++ 
Pb*” _ Pa* 
102, 104 110 235 238 
Fig. 6 Mass spectrum of uranium showing the faint 
isotope of mass 235. The palladium is from one electrod 






and served for calibration (Dempster, 1935) 








well established in 1913 when the term isotopes 
was first introduced. Between lead and uranium 
40 different kinds of radioactive atoms were 


known, and these fell naturally into 10 groups 
with 2-8 isotopes in each. The isotopes in each 
group were identical chemically, but presumably 


differed in mass. 

The observation in 1934 by I. Curie and F. 
Joliot that alpha-ray bombardment of boron and 
aluminium gave rise to radioactive nuclei with an 
appreciable lifetime was the first item in an un- 
expected extension of our knowledge of isotopes. 
This was brought about by the discovery of many 
new methods of causing transformations. The cy- 
clotron came into operation at this time and pro- 
duced protons and deuterons of high energies; 
other methods of accelerating these particles were 
developed ; the neutron was discovered and found 
to produce transformations in nearly all nuclei. 
The number of radioactive isotopes grew rapidly, 
and by 1943 more than 400 so-called active isotopes 
had been observed. Their masses not only occupy 
the gaps between the stable isotopes, but extend 
out to lighter and heavier masses. Chlorine, for 
example, has 2 stable isotopes at masses 35 and 
37, and 4 radioactive isotopes at masses 33, 34, 
36, and 38. These atomic structures, 
usually called “radioisotopes,” resemble each other 
and the stable isotopes of the same element in 
chemical properties only. In nuclear properties 
the radioactive isotopes differ radically not only 
in the radiations they emit but in the characteris- 
tic rates at which they change into stable nuclei. 
In some cases two radioactive isotopes called “iso- 
mers” may have the same mass, or one may have 
the same mass as a stable nucleus. After the dis- 
covery of the fission of uranium, the study of the 
radioactive fission products led to a new increase 
in the number, so that at the present time we know 
approximately 540 different radioactive isotopes 
that may be produced by various means. 

The masses of about half of these can be de- 
duced from the methods used to produce them, 
and among the remainder the mass spectrograph 
has been used to determine their mass in more 
than forty cases. For this purpose the radioactive 
atoms were analyzed in the same manner as stable 
isotopes, being collected on a gelatin film and de- 
tected by means of their radioactivity, since they 
are usually far too few for the ordinary detecting 
methods (Fig. 7). However, with the formerly 
“missing” element of nuclear charge 43, tech- 
netium, the long-lived radicactive isotope at mass 
99 could be observed directly by means of the 
charge it carried. 


unstable 
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Mass spectrum of mixtur: 
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Fig. 7. Above: 
elements exposed to neutrons; 
radiation from the radioactive isotopes (1: 
den, 1946). 


Radioactive forms of carbon, sod 


phorus, calcium, iron, copper, and 
especially useful for biological studies, 
tunately none of the radioactive isotopes 
gen or oxygen have a half-life longe: 
minutes. Consequently, for many investigat 
physiology and organic chemistry, it 
to use the stable isotopes of these ¢! 
masses 15 and 18 and to depend on a 
trometer for their detection. 

The plutonium isotope of mass 249 
neutron absorption in uranium, was di 
1941 and, like U** 


able. This discovery transformed the le: 


> was found to be hig! 


vestigation of the possibility of a nuclear cl 
tion as a source of power into the wartim 
ment of nuclear reactors as sources of neut! 
the pr¢ duction of this isotope. 
Relative abundance of the stabl 

Twenty-two of the naturally occurring 
have only 1 isotope, 20 have 2 isotopes, 
remaining 39, all even-numbered elements 
the remaining 221. It is remarkable that 
patterns of abundance are alike, and that no g 
theory exists at present to explain how t 
ferent elements should have acquired tli 
lar isotope abundances they now have. 
elements, the isotopic abundance was 


For 


from the density of images on photographic | 


For some elements, a more accurate it 


ment has been made by comparing 


e¢ 


charges carried by the different isotopes. [he 
“mass spectrometer” is applied to an instru 


in which the abundance of the various 
measured electrically ; instruments that r 


separated ions photographically are usual! 


ferred to as “mass spectrographs.”’ 
Slight differences have been found t: 
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relat! abundances of the isotopes of carbon, 
ven, boron, and lead. The carbon isotope at 
; 13 is more abundant in organic material (1 

) than in limestones (1-92.3). The heavy oxy- 
isotopes have a different abundance in different 
stones, depending on the temperature at which 
alcium carbonate was laid down (Urey, 1948). 
ter from different sources varies slightly in 
ity, owing to variations in the relative abun- 
e of the oxygen isotopes (Dole, 1936): in 
it is difficult to define a standard sample of 
gen for atomic weight comparisons beyond a 
inaccuracy. Lead from different regions varies 
fsotope abundance, probably owing to the admix- 
we of lead of radioactive origin (Nier, 1938). 
Radioactive transformations and neutron ab- 
mption can give rise to very abnormal isotope 
Mndances. Thus, strontium is formed in certain 
Meas from the radioactive decay of rubidium of 
mass 87, and consists almost entirely of 1 isotope. 
le y abnormal abundances have been produced in 
dmium, samarium, gadolinium, and mercury, 
which have isotopes with very large absorption for 
ftrons. These isotopes capture neutrons and in- 
ease their mass by unity. The abnormal abun- 


ce produced in samarium is illustrated in 


gure 5, which should be compared with the 
ad 


mal distribution of Figure 2. 





asses of the isotopes. The discovery by Aston 
11920 that the mass of the hydrogen atom was 
1,008, slightly greater than unity, when the light 
baygen isotope is taken as exactly 16, was of 
figdamental significance for theories of nuclear 
Micture. The existence of isotopes with nearly 
iegral mass values leads us to think of the con- 
uents of the nucleus, and if it is built up out of 
Mrogen nuclei—that is, protons—or out of pro- 
s and neutrons, the mass of a nucleus is not the 
e as the sum of the masses of its constituents. 
b e doctrine of the conservation of mass in all! 
Mbinations and reactions, though still funda- 
ntal in chemistry, had, however, been modified 
physicists long before 1920. In 1881 J. J. 
omson showed that a body should acquire added 
iMrtia when it is charged, and this “electromag- 

ic” theory of mass was used in 1902 to account 

the increase in the mass of beta particles with 
iMreasing energy. This extra mass for transverse 

eleration, according to Lorentz’ theory, was the 

etic energy divided by the square of the velocity 
y light. Since neutral atoms could be ionized to 
em charged particles, there were speculations 
t all mass might be electromagnetic in origin. 


—_ 
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That light radiation should be accompanied by a 
transfer of mass was shown by Einstein in 1905 
to be required by the relativity principle when ap 
plied to the electromagnetic theory of light. The 
same formula E =Mc? for the mass transferred .l/ 
by an amount £ of light radiation also followed, 
however, from simply considering the pressure ex 
erted by light on an absorbing surface and applying 
the laws of conservation of energy and momentum 
Popular writers have sometimes assumed that 
the relativity theory predicted that the formula 
FE = Mc*® would hold for any new forms of energy 
or processes that might be discovered. Comment 
ing in 1907 on the generality of this formula, Ein 
stein wrote: 
1 fron 


The circumstance that the general law is deduced 


t 


a special case makes it necessary to examine the neces 
sity of the deduction. We ask: “Might not other special 


cases lead to other conclusions ?” A general answer to this 


question cannot be given at the present time inasmuch as 
we do not have a complete theory of the physical world 
corresponding to the relativity principle. We must limit 
ourselves to special cases which we can handle at the 
present time by the relativity theory of electrodynamics 

Mechanics was later incorporated in the rela 
tivity theory. One simple way of doing this made 
inertia appear as an effect of energy, just as elec 
tromagnetic momentum and light pressure had 
been an effect of electromagnetic energy, and in 
this formulation the relation E = Mc? also held 

At present, however, theoretical physicists rec 
ognize great difficulties in reconciling quantum 
phenomena with classical electrodynamics. They 
are now speculating on radically new types of 
electron theory, in one of which, for example, the 
electron has an infinite electromagnetic mass, but 
includes a term which gives the correct change 
when the electron is bound in the hydrogen atom. 
Coming to the nucleus and its constituents, we are 
still further from a satisfactory theory of the meson 
forces, which presumably hold together the many 
particles in a nucleus and thus determine its bind 
ing energy and its mass. That the differences be 
tween the atomic weights of the elements and 
exactly integral values might be attributed to dif 
ferent binding entrgies was first suggested by 
Langevin in 1913, and, in several cases of nuclear 
transformations among the light elements, experi 
mental observations have in fact shown that 
changes in nuclear energy E are reflected quite 
accurately in the changes in mass M as given by 
the formula E = Mc’. 

Although the artificial disintegration of several 
nuclei by alpha rays was first observed by Ruther 
ford in 1919, this discovery led to no immediate 
comparison of the energy set free in these proc- 
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esses with the change of mass—partly because pro- 
tons of different energies are formed and the 
nuclei left in various excited states, but also be- 
cause the masses of the isotopes involved were not 
accurately known at that time. 

The discovery by Cockcroft and Walton in 1932 
of the artificial disintegration of lithium by protons 
was a great stimulus to mass spectroscopy. For the 
first time physicists had a nuclear transformation 
for which they could measure the energy set free in 
a nuclear process and compare it with a change of 
mass. It was at once apparent, however, that, al- 
though the directly observed energy change could 
be measured with comparatively great accuracy, 
the uncertainties in the masses involved (hydrogen, 
helium, and lithium) amounted at that time to 40 
percent of the change in mass resulting from the 
transformation. To have the mass differences 
match the energy measurements in accuracy, it 
would be necessary to determine atomic masses to 
four or five decimal places, a precision approach- 
ing that of optical spectroscopy, and a hundred 
times greater than that previously attained. Under 
this stimulus the following decade, 1932-42, 
brought great progress in the precise measurement 
of atomic masses. Bainbridge in 1933 redetermined 
the masses of 11 light isotopes, including those of 
lithium, by using a ‘‘velocity filter.” This selected 
a group of ions in a narrow velocity range and 
gave sharper images on the photographic plate; 
but still the uncertainty in the masses involved in 
the transformation of lithium amounted to 30 per- 
cent of that predicted by the mass-energy formula. 

In the years 1935-40 several spectrographs of a 
new type were developed—based on the principle 
of so-called double focusing. The paths of the ions 
in a spectrograph of this type are illustrated in 
Figure 4. The ions were formed by a vacuum 
spark and were accelerated and deviated first by 
an electric and then by a magnetic field. The dif- 
ferences in the deflections produced in the fast and 
slow rays by the electric and magnetic fields were 
arranged to cancel, and divergent rays also re- 
combined at the photographic plate; hence, the 
term double focusing. The advantage in this ar- 
rangement is analogous to that obtained in optics 
by the use of an achromatic lens, which recombines 
light rays differing in color as well as in direction. 
This instrument was initially used to analyze the 
ions produced by a spark in order to complete 
the preliminary study of the isotopic constitution 
of the elements. Incidentally, the spark source was 
also found to give a great number of multiply 
charged ions of the solid electrodes for which no 
other source of multiply charged ions was available. 
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Some of the most accurate measur 
masses of the light elements were m: 
bridge and Jordan in 1936 by means 
spectrograph shown in Figure 8; ma: 
by as little as 1 part in 10,000 wer 
separated. The lithium mass was rem 
the decrease in mass in the transform 
tons was found to agree quite accurat 
value computed from the mass-energy 
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Fig. 8 Precision mass spectrograph for ga 
bridge and Jordan, 1936). 


the same year Mattauch and Herzog 

and Aston in England also completed it 

that gave accurate mass measurements « 
isotopes. Similar observations were carti 
Japan in 1939, and at the University of [Ili 
Jordan in 1940. In these latter measurem 
masses differing by only 1 part in 30,00 
completely separated. This marked an increas 
accuracy of two hundred times that attained 
Aston’s first instrument, with which in 1920-22 
demonstrated the nonintegral nature of the | 
gen-oxygen ratio and the general shape of the ; 
ing traction curve. 
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With the greater accuracy made possill 
these instruments, the masses of 17 light iso: 
were measured, and in the meantime many ! 
clear transformations had been found among 
isotopes. Many of these transformations in 
the emission of beta rays with energies that var 
over a wide range, thus making it impossible’ 
apply the formula E = Mc? to calculate an exp 
mass difference between the isotopes. It was, | 
ever, possible to maintain the formula by postula" 
a new entity, the neutrino, of very small mass, w! 
carries off the energy difference between ' 
actually in the beta ray and a constant maxi 
amount. 

Apart from the 17 mass measurements | 
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ions with four charges compared with other 


D Zin 
sses 16 and 17. 


pat ma 


pred to, we have also at present approximately 
> comparisons between the heavier stable iso- 
ns. These show several points of interest even 
mich the accuracy is less than that attained with 
Geht elements. Taking the lightest oxygen iso 
Bs exactly 16, the masses of the isotopes de- 
. various 


Iphi¢ Pi 
from exactly integral values by 

mounts. The fraction given by the difference 

aided by the integral value, amounting to a few 

fs in 10,000, is called the “packing fraction,” and 

les have been measured for many of the iso 

ms. Figure 9 illustrates the mass spectrum of 

with 4 charges superimposed on several ions 
\ys-ffiBe masses are very accurately known. Unfor 
-unerfammtely, such direct deductions of packing fractions 
he lg . been made for only a few isotopes. Figure 10 
frates a comparison between doubly charged 

mols Bpes of uranium and thorium with singly 
emeriimmped tin isotopes. From sixty such compari- 
\) vei it is possible to draw a packing fraction 
as shown in Figure 11, which, although 
nique, does pass through values that are in 
d with the measurements. If protons and neu- 
are taken as the nuclear constituents, the 
ng energies are very large; per particle the 
emy amounts to several million electron volts as 
Own by curve B in Figure 11. These very large 
ng energies indicate that the constituents of 
mi are held together by very much stronger 
'Y “Shg@s than those that hold the atoms in molecules. 


j Th* 
VO0l 
anf 6/7 8 19 120 \22 i24 


j 





7: ee <7 * 


a4 














ye 
: 0. Mass spectra of uranium and thorium with two 
fates Superimposed on singly charged tin isotopes 
BUEMp ster, 1936). 
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The mass changes in two nuclear phenomena, 
natural radioactivity and nuclear fission, are of spe 
cial interest. Uranium of mass 238.13, after a series 
of radioactive transformations, finally becomes 
lead of mass 206.05. Subtracting only the masses 
of particles emitted, we would expect the mass 
of the lead to be 206.10. However, extra mass 1s 
lost and the energy equivalent of this extra mass 
using E = Mc? agrees very roughly with the total 
energy of the particles emitted in the series of 
transformations. 
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Fig. 11. Curve A, packing fraction curve; curve / 
binding energy per particle in nucleus 
lhe mass differences shown in Figure 10 sug 


gest a comparison with the energy released in the 
fission of a uranium or a thorium nucleus. In a 
more common type of fission, for which the masses 
may be taken from Figure 10, the uranium nucleus 
of mass 235.12 absorbs a slow neutron of mass 
1.008 and produces as fission products columbium 
(92.944) and praseodymium (140.958). Two neu 
trons may also be formed (2.016) and, necessarily, 
8 electrons (0.004). The total mass decrease is 
thus 0.211, and we would expect, if the mass 
energy relation E 


Mc? holds, that an amount of 
energy given by 0.211 x9~x 10° ergs should be 
released in the fission of 235 grams of the uranium 
isotope. In other units this is 20,000 kilowatt hours 
per gram, or 196 million electron volts (Mev) per 
atom for this particular method of fission. About 
22 Mev remain for a time in the excited nuclear 
energy states of the fission products, and the re 
mainder is released as kinetic energy of the nuclear 
fragments. That these nuclear fragments do have 
large kinetic energies was readily demonstrated by 
many experimenters in the spring of 1939, but the 
ranges of the fragments or the sizes of their ioniza- 
tion pulses do not supply us with accurate values 
of the energies of the particles. Direct calorimetric 
observations of the heat developed gave a rough 
agreement with the value computed above, but at 
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the present time we do nct have accurate mea- 
surements of this interesting quantity and do not 
know how accurately the formula E = Mc? applies 
to this phenomenon. 


Applications to chemistry, biology, and indus- 
try. Over a period of several decades the methods 
devised in one field of science have usually found 
applications in others, and this has been the case 
for mass spectroscopy. The method of analysis 
illustrated in Figure 3 was adapted very early in 
our period to the study of the kind of ions produced 
by the impact of electrons of various energies. In 
1922-30 H. D. Smyth and others, by gradually 
reducing the electron velocity, found the minimum 
potential at which particular ions are first produced 
by electrons, and secured important data for the 
development of the quantum theory of molecular 
structure. In 1933-38 Professor Tate and others 
observed the patterns of singly and multiply 
charged ions that are produced in various gases by 
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Fig. 12. Mass spectrometer for analysis of ions from 


gases (A. O. Nier, 1940). 


electron impact. This application of mass spectro- 
scopic techniques served as a basis for a new 
method of chemical analysis, whose importance in 
special fields is just beginning to be realized. The 
impact of 72-volt electrons on the benzene molecule, 
C,Hg, for example, gives rise to 45 different posi- 
tive ions with definite relative abundances. Con- 
versely, the ion pattern can be used to identify the 
molecule, and the pattern observed with a mixture 
of a dozen or more hydrocarbons can be analyzed 
and ascribed to the superposition of the standard 
patterns from particular hydrocarbons. Instru- 
ments for carrying out these analyses in the oil and 
rubber industries were developed in 1939, and at 
the present time more than 30 such instruments 
are in continuous use in this country. 

The mass spectrometer illustrated in Figure 12 
was developed by Nier in 1940; it has recently 
been adapted for biological investigations, in which 
carbon of mass 13, nitrogen of mass 15, or heavy 
oxygen isotopes are used as “tracers.” In such 
studies carbon dioxide, for example, may be made 
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MASS 
Fig. 13. Mass spectrometer record of ior 
dioxide. Mass 44 is due to CO", mass 
C*O*,, and mass 46 is due to C¥O"%O* ; 
this ion plus C“O". in (a) (Ingraham a1 


with the heavy carbon isotope and built 
zymic conversion in tissues into compl 
molecules. The carbon is examined i1 

ganic compounds separated from the tissu 
the molecule into which the carbon 

been built is identified by its extra content 
bon of mass 13. Two curves showing the ions 
carbon dioxide are given in Figure 13 
these was enriched with the radioactive 
mass 14. 

Mass spectrometers of this type cat 
presence of a very small amount of one gas 
when it is mixed with large amounts of other ¢g 
Recently it has been found, for example, that 
besides carbon dioxide is extracted by t! 
from the blood and exhaled in the breath. T! 
spectrometer illustrated in Figure 14 
by A. O. Nier and A. Hustrulid in 1943 for 
ing leaks in vacuum equipment. Permanent 
nets are mounted inside the glass tube, a 
instrument is adjusted to indicate the pres 
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um gas from a small jet is allowed to 


;spected points in the equipment, and 

a hole is reached helium enters and 
be clia indicates the Iccation of the leak. 
Separation of isotopes. Every mass spectro- 
nah separates isotopes, but usually only in the 
sgnt necessary to record their presence. In many 


however, larger amounts have been collected. 


hont one fifth of a milligram of the 2 lithium 
a was zollected by Oliphant, Shire, and 
row! 1 1934 for studying their transforma- 


fund ider poem and deuteron bombardment. 
_ ne which isotope of potassium emitted 
ays, 20 milligrams were separated in 1937 by 
: mythe and A. Hemmendinger and collected in 
y containers. Similarly, to show that it was the 
@ium isotope at mass 87 that emitted beta rays, 
pie experimenters collected 2 milligrams of 
pparated isotopes. In 1944 separated isotopes 
thallium and silver were collected by W. Walcher 
®ptical studies at the rate of 1.5 micrograms 
four. A. E. Shaw has collected the separated 
fgpes of samarium at the rate of 2 micrograms 
hour. 
fhe most sensational of these small-scale separa- 
§ however, was the separation in 1940 of 4 
fgrarns of uranium by Nier and 2 micrograms 
. H. Kingdon and H. C. Pollock. With these 
” es the fundamental scientific discovery was 
dé and confirmed that the faint isotope of mass 
yas extremely susceptible to fission, and that 
Bsonable amount of this isotope, if separated, 
i constitute an explosive of unprecedented 
ce. One method that was developed to sepa- 
his isotope in large amounts used the mag- 
leflection method of mass spectroscopy ; how- 
the most important element in its success was 
ill, based on cyclotron experience, with which 
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the many engineering problems were met. The 
instrument called the “calutron” was adapted in 
1946 to separating milligram amounts of the 1so 
topes of many chemical elements. These are now 


available for experimental use in physics, biology, 
and metallurgy. 

Other methods for separating the uranium iso 
topes were based on thermal diffusion or diffusion 
through a barrier. In the development of all these 
separation methods, a mass spectrometer was 
essential, in order to observe the enrichment actu 
ally attained. It was the compass that brought these 
great ventures safely to port. That these instru 
ments could be rapidly provided when the 
arose was possible only because of the experience 
gained in this country during the previous decade 
in the scientific investigations already referred 
No more striking demonstration of the importance 
apital” for the national welfare could 


need 


of scientific “*c 
be imagtned. 
At the present time the subject of mass spectros- 
copy has two distinct aspects; on the one hand, 
it is still a fertile field of scientific 
and, on the other, it provides instruments, meth 


investigation, 


ods, and materials for investigations in chemistry, 
biology, and geology, and for the control of indus 
trial processes. The study of the tsotopic constitu 
tion of the elements, although almost completed for 
the stable isotopes, is still very active in the analy 
sis of many of the radioactive isotopes ; the natural 
abundances have still to be measured with the pre 
cision needed to detect variations brought about 
by many enrichment processes; and the measure- 
ment of masses is far from adequate, both in the 
accuracy attained and in the small fraction of the 
isotopes for which measurements of any kind exist. 
Secause of the position of the subject in relation 
to theory and applications, we may confidently ex 
pect significant advances in the decades ahead. 


i ad x b< Xe 





r 1948 





GENES, CYTOPLASM, AND ENVIRONMENT 
IN PARAMECIUM’ 


TRACY M. SONNEBORN 


In 1946 Professor Sonneborn, of the Department of Zoology, Indiana Universit 
shared half the Annual Thousand Dollar AAAS Prize with Miss Ruth Dippell and Mis 
Winifred Jacobson, also of Indiana University. 


MONG organisms of all sorts, differences 
between individuals in hereditary traits 
are due to differences in nuclear genes. 

The remainder of the cell, the cytoplasm, is usually 
conceived as playing in most cases a passive role, 
of little or no significance in heredity. So far as 
environment is concerned, it may determine to 
what extent a hereditary trait will manifest itself, 
or indeed whether it will manifest itself at all, in a 
particular individual; but these environmental ef- 
fects are not lasting: they do not extend to subse- 
quent generations. 

These generalizations must seemingly be re- 
versed when one turns from the individual to the 
parts of an individual. The cells of the body of a 
higher organism are of many different kinds— 
muscle, nerve, connective tissue, and so on. Yet 
there is reason to believe that all these kinds of cells 
in one body have exactly the same set of genes. They 
arise by repeated divisions from a single cell, the 
egg, and at each cell division the nucleus with its 
genes seems to be partitioned with precise equality. 
How then can one explain the diversity among the 
body cells if the genes control their traits and if all 
have the same genes? The problem is even more 
puzzling. Different cell types from one body may 
be grown as long as desired in tissue cultures or in 
grafts, and many of the cell differences persist. 
They are, in effect, hereditary differences among 
cells apparently identical in genes. Although little 
is really known as to the explanation of these facts, 
it is suspected that cytoplasm and environment may 
be important in this sort of heredity, “heredity on 
the cellular level,” which must play an essential 
part in the development of every individual from 
the egg. 

One of the great bars blocking progress in ex- 
ploration of these problems is the nasty fact that 
diverse body cells cannot be bred to each other the 
way Mendel bred peas and Morgan bred fruit flies. 
Yet such crossbreeding was the essential prereq- 
uisite for discovery of the mechanism of inheri- 
tance of the individual. As there seems at present 
no likelihood, at least in the foreseeable future, that 
body cells can be mated to each other, the outlook 
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for analysis of the nature of the 
ferences among body cells is not pror 

There is available, however, an 
second-best method of tackling thes 
Among organisms that consist of but 
the group of individuals produced f1 
ancestral cell by repeated divisions is 
tally comparable to the group of body cell 
from an egg. There is no doubt but t! 
of such a group of unicellular individuals a 
the same genes ; but unfortunately they als 
have exactly the same hereditary traits 
cases, however, they may develop different 
And, what is more important, any of tl 
in certain species can be mated, like peas 
flies. Here then is a great opportunity 
find out how it happens that cells wit! 
genes can develop hereditarily different t 
to discover what parts are played in thi 
by cytoplasm, and by environment. 

In the hope that such an investigat 
throw light on these fundamental problems, \% 
are pregnant with implications for an under 
ing of normal and pathological develo al 
higher organisms, there has been in progresfiiy 3 
eighteen years in my laboratory an intensive fg > 
of the common and familiar unicel! 
Paramecium aurelia, After twelve years 
which must be considered as having 
the way for the main job, the past six 
work have begun to lead to solutions 
lems at the center of interest. The iol 
count is an attempt to present briefly eich 
results.* | Bor 

Studies on heredity in paramecium g +t 
years to the pioneer researches of Jennings 
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the password to epoch-making discoveries 
the mechanism of heredity. For thir 


*In this recent work, there have been 
collaborators: my research associates Rut 
and Arlene LeSuer; research assistants W initr 
son, Betty Bartel, Jeanne Whallon, and Brunhi 
mert; technicians. Marcella Chandler and Jew 
dill; graduate student John R. Preer, more ! 
independent investigator making important cont! 
in his own laboratory at the University of Penn 
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study of heredity in paramecium re- 
large extent outside the main currents 
genet! .dvance, because of an important limi- 
in technical possibilities. Investigations by 
mapas, (ue French librarian at Algiers, had 
a hy 1888 that, when paramecia come together 
pairs 2 id adhere, they fertilize each other and 
ndergo ¢ ssentially the same nuclear processes that 
place in the mating of higher organisms. Yet 
fe ating, or conjugation, could not very well be 
wi in studies of heredity, because paramecia with 
erent hereditary traits could not be made to 
ugate with each other. As the crossbreeding of 
Serse hereditary types is the first requirement 
Bthe sort of study we wished to make, this type 
Mork was not possible. In spite of this technical 
Btation, much of interest and significance was 
overed, as a perusal of Jennings’ review on 
Be ctics of the Protozoa will show. 
During the 1930s, determined efforts were made 
fpvercome this technical limitation, These finally 
to Sonneborn’s discovery of sexes, or mating 
ks, in paramecium. As the mating types them- 
es proved to be hereditary, it was easy to start 
fh one animal and raise large cultures in which 
the animals were of one mating type. When 
ih a culture was added to a culture of the op- 
ite mating type, the animals at once began to 
ik together and form large clumps. In an hour 
so these clumps broke up into pairs of conju- 
ng animals, each pair consisting of one animal 
bach mating type. With this knowledge, cross- 
eding animals with different hereditary traits 
ame as simple as in higher organisms; it was 
y necessary to mix together two cultures dif- 
ng in mating type as well as in the other trait 
wished to study, and the necessary mating 
ld occur immediately. 
‘hen individuals of the single species Para- 
ium aurelia were collected from various parts 
the United States, grown into stock cultures, 
studied with respect to their mating types, it 
fa discovered that this species is really a group 
Right “physiological species,” or “varieties,” as 
are called. Each variety has two mating types 
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ing investigators in my laboratory, Professor Mary 
Austin, of Wellesley College, and Dr. G. H. Beale, of 
Institute of Animal Genetics, Edinburgh; my col- 
€, the biochemist W. J. van Wagtendonk, and his 
parch assistants, Patricia Hackett, Leonard Zill, and 
ald Simonsen. For the privilege and means of carry- 
on cooperative investigations of this magnitude, we are 
ply indebted to Indiana University for encouragement, 
incial support, working facilities, space, and that in- 
ensable item—time for research; to the Rockefeller 
dation, the National Institute of Health, and the 
Coffin Childs Memorial Fund for Medical Research, 
liberal financial assistance. 
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that interbreed freely, but interbreeding between 
different varieties is practically impossible. 

After this foundation had been laid, progress in 
the study of heredity proceeded apace. The Men 
delian laws were quickly found to operate in para 
mecium just as in the heredity of higher organ 
isms; genes and chromosomes behaved at conju 
gation just as in the maturation and fertilization 
processes of higher organisms. 

Two kinds of traits have been examined in a 
study of genes, cytoplasm, and environment in the 
control of heredity in paramecium. Surprisingly, 
two different systems of control are involved tor 
these two kinds of traits. Yet the two systems are 
similar in some important respects, and each seems 
to have implications of broad and general signifi 
cance. (A full account of the background material, 
together with much of what follows, will be found 
in a review by Sonneborn [1947].) 


GENES, CYTOPLASM, AND ENVIRONMENT IN THI 
CONTROL OF THE “KILLER” TRAIT 


In varieties 2 and 4 occur several stocks known 
as “killers” because fluid in which they have lived 
kills paramecia of other stocks. The latter are 
therefore called ‘‘sensitives.”’ The killing substance 
in the fluid has been identified by van Wagtendonk 
as belonging to the class of chemicals known as 
desoxyribonucleoproteins. Such chemicals are of 
special interest, because they occur in chromo- 
somes and viruses and are believed to be the stuff 
that genes are made of. This killing substance, 
which is known as “paramecin,” also occurs inside 
the body of killer paramecia, but in them it does no 
harm. Paramecin is among the most active of bio 
logical substances: a sensitive paramecium can be 
killed by a single particle of it. Precisely what a 
single particle may be, however, is not entirely 
clear. Quite possibly a single particle is a single 
molecule, but it may be a highly polymerized mole- 
cule or even an aggregate of molecules. Each killer 
animal carries only a small number of particles of 
paramecin in its body. Samples of fluid containing 
many paramecin particles have little or no killing 
action on sensitive paramecia if they are conju 
gating, are at low temperatures, or have an abun- 
dance of food available. 

There are a number of different kinds of para- 
mecin, each produced by a different strain of killer 
paramecia. Two kinds have been studied very fully. 
One kind, produced by stock 51 of variety 4, acts 
so as to produce clear blisters on the surface of 
sensitive animals within a few hours. Later, the 
body form alters, a hump developing near the hind 
end of the body on the side away from the mouth. 
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The animals stop feeding, move slowly, grow 
smaller, round up, and finally die within 24-48 
hours. Another kind of paramecin, produced by 
stock G of variety 2, acts more slowly. Early in 
the reaction, sensitive animals move aberrantly, 
often reversing the direction of their normal spiral 
movements and undergoing violent spinning on 
their longitudinal axis. They stop feeding, move 
more slowly, and die after several days. Still other 
kinds of paramecin act with great speed, killing 
their victims within a few hours. 

The capacity to produce a particular kind of 
paramecin is inherited. This part of the work was 
carried out most fully on the killer stock 51 of 
variety 4 and on the sensitive stocks, 29, 32, and 
47, of the same variety. Each of these stocks repro- 
duces absolutely true to type under standard con- 
ditions. Within stock 51, all animals are killers; 
the trait is inherited through years of reproduction : 
thousands of cell divisions and many conjugations. 
With equal stability, all cultures of stocks 29, 32, 
and 47 are pure sensitives through fission and con- 
jugation. 

When the killer stock is mated to the sensitive 
stock 47, the breeding analysis shows that the two 
stocks do not differ in any gene affecting the kiiler 
or sensitive traits, but that this difference in traits 
is due to a difference in cytoplasm. The production 
of paramecin depends on a cytoplasmic factor, 
called “kappa; when this gets into sensitive ani- 
mals from stock 47, it converts them into killers. 
All the progeny of the converted animals are also 
killers and contain kappa, so it must multiply. It 
thus has the property of self-multiplication, the 
basic property of genes. Miss Dippell has shown 
that kappa also mutates like a gene, mutant kappas 
controlling the production of different kinds of 
paramecin which kill sensitive animals in different 
ways, produce paramecin more slowly, or differ 
in still other ways. Nevertheless, kappa is not in 
the nucleus and is therefore not a gene in the usual 
sense, 

On the other hand, neither is kappa entirely in- 
dependent of the genes. This was discovered by 
breeding analyses following the mating of the killer 
stock 51 to either of the sensitive stocks 29 or 32. 
The results showed that a dominant gene K must 
be present if kappa is to persist and multiply ; when 
an alternative recessive gene k is present in pure 
(homozygous) form, kappa cannot survive. Stock 
51 is pure for gene K, stocks 29 and 32 are pure 
for gene k. When stock 29 or 32 is bred so as to 
replace their k gene by K, they remain sensitive 
and no kappa arises; hence the gene K cannot 
make kappa arise. But if some kappa is also added 
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when K has been introduced, then tl 
tiplies and transforms the animals 
Conversely, when animals of the ki 
have their K gene replaced by k, kap; 
and they transform into hereditary 
expected, restoration of the K gene c 

the killer trait: kappa is irretrievably 

The gene K thus controls somethi: 
ganism that is essential for the ma 
kappa, but it cannot initiate the p: 
kappa if none is present to start wit 
analysis showed that stock 47 contains 1 
but lacks kappa. That is why, in the c1 
stock, inheritance seemed purely cyto] 
no gene control at all. The gene conti 
but it could not be discovered becaus: 
stocks (51 and 47) were alike in having 
quired gene. 

Much more insight into the nature « 
obtained by a study of the effect of en 
conditions on it. The kappa in stock G 
multiplying kappa. When the animals ar: 
excess of food, they multiply more raj 
kappa ; consequently, the amount of kappa per 
gradually declines. By varying the growt 
the paramecia, Preer found that they « 
tain kappa only if grown no more rapidly 1 
divisions per day, which is therefore the may 
rate at which kappa can multiply in this s 
When the animals were grown more rapid! 
the average concentration of kappa per cell st 
declined, the animals transformed, first to resis 
nonkillers, then to sensitives, which could be 
verted back to killers by growing them s! 
finally to irreversible sensitives that had lost ka; 
Using data obtained from ingenious experimer 
including some in which kappa was destroye 
X-rays, Preer calculated that there were appr 
mately a few hundred kappa particles in t! 
inal killer animals. Mathematical methods, esse: 
for this sort of analysis, were developed for 
by Richard Otter, of Princeton University. Si 
estimates of particle number for the stock 51 } 


were obtained by others, using high temperatw 


to .top kappa multiplication or destroy 
As the preceding results prove, kappa, t 
genelike, is both gene-dependent and environm 


dependent. A hereditary killer can be transtoms 
into a hereditary sensitive either by substitu: 


the gene k for its K gene or by growing the ani 
rapidly, subjecting them to X-rays, or 
them to high temperatures. Moreover, thes 
vironmental effects—if carried to the point \ 
all kappa is gone—are irreversible; they are | 
manently inherited. Preer showed that 
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<appa remains, it will, under conditions 
rowth of the animals, restore the full 
sount and result in reversion to the killer 


of some of these results, the question 
raised by Altenburg, Lindegren, and 
Becelinan as to whether kappa might be a sym- 
» ans 


Geic organism. Two recent discoveries are of 1n- 

—— ae <t in that connection. First, Sonneborn dis- 
pon " M@ered that kappa is, under extreme conditions 
TCHR ctious.” When sensitive animals with the A 
1 Sch: Me. are exposed to immense concentrations of 


@ppa in their culture fluid, a certain fraction of 
m acquire kappa and transform into permanent 
editary killers. This apparently never happens 











, 

® ept when kappa is concentrated enormously be 
‘aed the limits ever likely to occur in nature. 
BB ond, Preer found that kappa is much larger 
fan a gene; it is in fact larger than most viruses, 





Blarge as rickettsias or small bacteria. This re- 
kable discovery was made by following two 












a The X-ray inactivation studies indicated 
Wiis ticle of about this size. The discovery of the 
"i Boxyribonucleoprotein nature of paramecin sug- 
Bis ted that kappa also might be of similar nature. 
s ns AB there is a specific staining method (the Fuel- 
| fag method) for such substances, Preer used this 
vig Sain and found particles of the expected size in 
+» [emer, but none in sensitive, paramecia. 

hal @lhis brings the status of investigation of kappa 
a ip to date. There is still no decisive evidence on 
| be coll ich to base a secure judgment as to whether 
wwly gmpPa is a symbiotic organism. Essentially, the 


ne uncertainty exists for a comparable cyto- 
smic factor in the fruit fly Drosophila investi- 
ed by L’Heritier and his collaborators. So far 
paramecium is concerned, however, it may be 





fs that the staining methods that reveal kappa 
i not reveal other particles of similar size and 

é mical nature. Kappa may therefore be an ex- 
C, ple of a rare and exceptional group of phenom- 


The h. Its study, however, emphasized the difficulty 
distinguishing between a normal cytoplasmic 
etic factor and a symbiotic or parasitic micro- 
anism. Any pathogenic or symbiotic organism 
t became established in the cytoplasm and 
sed from generation to generation through the 
oplasm of the egg could simulate the behavior 
‘appa. There is, in fact, reason to suspect that 
nparable agents are involved in the causation of 















xpos wt : 

al ain types of cancer. It has further been sug- 
oi ted by Darlington that these agents may not be 
. anisms, but self-multiplying particles or plas- 


genes native and normal to the cytoplasm of 
er creatures than those in which they cause 
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disease. Whatever may be the correct int 
tion of kappa, it is remarkable that its pathogen 
action is confined, not to those animals in whicl 


occurs, but to those that lack it. It controls the 
formation of paramecin, which is harmless to ani 
mals containing a full allotment of kapy b 


lethal to those paramecia that have no kappa 
too little of it. Perhaps further work will throw 
light on the knotty problem of the origin and na 
ture of kappa and the comparable events involved 
in mammary cancer of mice, sarcoma of for 
resistance to CQ, in the fruit fly. 


GENES, CYTOPLASM, AND ENVIRON MENT IN it 
CONTROL OF ANTIGENIC TRAITS 


Within the past year, attention has been directe« 
to other traits in variety 4 of P. aurelia which show 
an even more interesting and probabiy more 


general system of interrelations between genes, cy 
toplasm, and environment. When paramecia are 
injected into a rabbit several times, blood serum 
obtained from the rabbit, even when greatly diluted 
with water, will paralyze the normally rapid-swim 
ming paramec.a. This paralytic action of the serum 
is due to union of specific chemicals in the para 
mecia, cailed ant.gens, with corresponding one 
chemicals in the serum, called antibodies. The ant 
bodies, are formed in the rabbit's blood in response 
to antigens of the injected paramecia. This is a 
highly specific reaction. If two different strains 
of paramecia, A and B, are injected into ditferent 
rabbits, the serum obtained from the rabbit injected 
with A paramecia will paralyze paramecia of strain 
A but may have no effect on the B paramecia, and 
vice versa. 

Six such diverse strains (4, B,C, D, E, and G) 
arose within the one stock 51 of variety 4, and six 
specific antisera were obtained against them. The 
six diluted antisera each paralyze specifically only 
animals of the corresponding strain or antigenic 
type. By serological methods, it was shown that 
the paralysis reaction on each type is due to inter 
action between one kind of antigen and its cor 
responding antibodies. There are thus six different 
antigens in the six types of strains. Each of these 
six types is strictly inherited under standard con 
ditions of culture (27° C with enough food to per 
nut one fission per day). 

When these six types are mated to one another 
and the hybrids are analyzed by further breeding, 
the results show that the differences in antigenic 
type depend not on differences in genes, but on 
cytoplasmic differences. The cytoplasmic factors 
involved here, however, cannot be seen by the 
staining method used for demonstrating kapy 
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As with kappa, the cytoplasmic factors, or plas- the discriminating action of each of 1 
magenes, involved in the control of these antigens sera: each suppresses one, only one, a 
are subject to environmental influence. When ani- different one of the six antigen plasm: 
mals of any one of these six types are placed in a As already indicated, transformati 
few drops of the corresponding paralyzing anti- genic type involves great increase of ai 
serum, all the animals are paralyzed; but if the which little or none could previously | 
serum is dilute enough, all will recover when re- It might be supposed that change of a1 
moved from the serum. The recovered animals could involve only a shift of positir 
may be isolated and each will multiply to form as change in quantity, of the antigens. Ar 
large a culture as desired. Surprisingly, when such — very large molecules, and it seems impr 
cultures are now subjected to the same antiserum they penetrate the cell; more likely, t! 
again, they are no longer paralyzed by it. Instead, on the surface of the cells. Hence, they 
they are now paralyzed by a different one of the only with antigens on the cell surface. 
six antisera. In other words, they have been trans- inside the cell wandered to the surface, 
formed to a different one of the six antigenic types. conceivably be a mechanism of transfor 
Moreover, this transformation is inherited there- antigenic type without resorting to an 
after as long as the cultures are grown under the new antigen at all. This possibility 
standard conditions. Large proportions of the ex- likely, however, in view of the serologica 
posed animals are hereditarily transformed, up to The paramecia are thoroughly broken 
100 percent in some cases. In an analysis of the they are injected into the rabbits to induc 
details of one of these transformations, Beale has body formation. Antibodies against mor 
found that the original antigen ceases to multiply of the six antigens are sometimes found ir 
after exposure to antiserum and another antigen  tiserum, but the great bulk of the 
begins to appear after several hours. The latter present are specific for the one antigen t! 
gradually increases until transformation is com-  acterizes the type of the injected parameci 
plete. This suggests that the antigen is itself a same conclusion is indicated by the reverse expe 
plasmagene which cannot multiply when combined ment, for it is possible to discover what antig 
with antibody. This gives an opportunity for are present in animals by their capacity 
another plasmagene to multiply and replace it. tivate a serum: the antigens present combin 

These facts about transformation of antigenic their corresponding antibodies in the seru 
type imply that each animal actually has several remove them from solution. In this way it 
possibilities, most of which are not or cannot be shown, using either whole or broken-uy 
realized without sacrificing other possibilities. mecia, that each antigenic type contains main! 
There is clearly something mutually exclusive exclusively one type of antigen, only traces o/: 
about these possibilities, for an animal can mani- other antigens being present if they are presen! 
fest only one of the six antigens at a time. By the all. Hence, change of antigenic type must 11 
method of exposure to paralyzing antiserum, it an enormous increase in the antigen characters 
can be transformed (directly or indirectly) so as of the type to which an organism transforms 
to manifest any one of the six antigens. More- This leaves an interesting problem. An an 
over, the transformations with antiserum involve — ready to transform as a result of exposure to par 
no irreversible loss of capacities, because further lyzing antiserum has five possibilities open | 
exposure of transformed animals to antisera which What determines which one of these five other: 
can paralyze them can bring the organisms back  tigens will multiply and replace the antigen 1 
to their previous antigenic type. Hence, the capa- tivated by antibody? On the hypothesis 
city to produce all six antigens is inherent in all competition is involved here, with the best-adap' 
animals of stock 51, but only one—any one—of antigen taking over, attempts were mace t 
these six capacities can be realized at any one time. cover how to control which antigen would t 
Since the antigenic type has been shown to be de- over. In view of the previously proved importa 
termined by cytoplasmic factors, or plasmagenes, of temperature and food supply on the growt 
and since the mechanism of transformation of type kappa, and a priori probability that these 
with antiserum indicates that the antigens are ditions, if any, might be important in influenc.—™ 
themselves the plasmagenes, there must be a dif- the outcome of competition among plasmagen > 
ferent kind of plasmagene for each of the six kinds experiments to test their action were carried 
of antigens. The existence of different plasmagenes They proved to be decisive. 
for different antigens is further neatly shown by Animals exposed to paralyzing antiserwm t 
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ant type at high temperature, to a dif- 
Se type at low temperature ; to one type when 
fab tly, to another type when fed little. 
this clue, the same conditions of temperature 
a 


BEood supply were employed without exposing 
: Pnimals to paralyzing antibodies, These alone 
. t about transformations. But now the 






yroug 
ormations occurred much more slowly: with 
Beery, transformation is complete within 2 or 
Se ons: without antiserum, 20, 30, or more fis- 
me are required to transform. This difference in 
Ea 

Se antiserum had been interpreted as “knocking 
the main competitor antigen plasmagene, a 


{ transformation was actually predicted be- 











on ORE 





wot; Iggess that should greatly accelerate transforma- 
sre me Regardless of how the transformations are 
et Maeht about, they are permanently inherited, 
ey mf through sexual reproduction, under stand- 


Aeonditions of culture. 
fhese results seem to throw light on some re- 
able, long-known, but puzzling facts in para- 
bey. Another kind of unicellular animal, the 
nosome, may undergo similar transforma- 
in the course of its infection of the mam- 
n host. Some trypanosomes cause sleeping 
ess and other diseases in man. In laboratory 
als, such as the dog, after the trypancsomes 
@ greatly multiplied in the blood and the dog 
y sick, there comes a crisis and the dog seems 
ecover. Trypanosomes practically disappear 
the blood, because of the action of induced 
fipodies formed against the trypanosomes. But a 
Bse occurs and trypanosomes again teem in 
Splood; they had not all been killed off. The 
fewatrypanosome population is unaffected by the 
ipodies that had been built up in the dog, for 
parasites are of a different antigenic type! 
OW comes a new crisis, another depletion of the 
B¥wnosome population, due to the action of new 
fodies formed against the new type of tryp- 
me. But this is far from the end. Relapse 
risis may alternate a dozen times or more 
e the dog or the trypanosome finally gives in 
dies. With each relapse, the trypanosomes 
a new antigenic type; with each crisis, the 
as built up a new kind of antibody. 
with the transformations of antigenic type in 
ecia, the diverse types of trypanosomes re- 
Ice true to type. This is shown by cultivating 
in an organism like the mouse that fails to 
antibodies against them. In the case of the 
nosomes (as in other, similar cases in other 
isms), it has long been supposed that the anti- 
1 acted as a selective agent, killing off all the 
hosomes except a few that had spontaneously 
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(and independently of exposure to antibodies ) mu 
tated to a new antigenic type. The results with 
paramecium show that the same kind of result can 
occur when selection of spontaneous mutations is 
excluded ; that the “mutants” are indeed stimulated 
to arise by the action of the antibodies; and that 
the “mutants” are not mutants in the sense of hav- 
ing changed genes or nuclei, but differ only in thei 
cytoplasm, one antigen plasmagene rising in con 
centration while another declines. 

Thus far only the roles of cytoplasm and en 
vironment in the control of antigenic type in the 
paramecia have been set forth. All the types are 
alike in genes, and so the genes seem to have no 
determining effect at all. Further analysis shows, 
on the contrary, that this is an incomplete and false 
picture. The role of genes was discovered by ex 
tending the studies to stock 29, another stock of 
variety 4. In this stock, six antigenic types have 
also been found, The results obtained with the six 
antigenic types of stock 51 have all been con 
firmed with the six types in stock 29, But the anti 
genic types occurring in these two stocks are not 
identical. In stock 29, four of the six types are 
similar to the types A, B, C, and D in stock 51, 
though they are not exactly the same; the other 
two types, # and H, do not occur in stock 51; and 
the two types E and G of stock 51 do not occur in 
stock 29. 

When one performs breeding experiments to 
determine the basis of the difference between the 
two stocks in the capacity to form antigen F, it 
turns out that this is due to a difference in a single 
pair of genes. The capacity to make the F antigen 
plasmagene depends on a gene which is present in 
stock 29, absent in stock 51. Note that the posses 
sion of this gene does not assure that the possessor 
will be type F; it merely means the possessor can 
be type F. As the methods of transforming any 
type to type F (if the required gene is present) 
have been discovered, it is always possible to de- 
termine when the gene is present. 

From these results, it looks as if each of the 
antigen plasmagenes can be formed when the 
proper genes are present, not otherwise. In this 
respect, the results are very different from the re- 
sults with kappa and the killer trait, for kappa 
could not be formed under the action of the re- 
quired genes unless some kappa was already pres- 
ent. As the overwhelming importance of genes in 
the control of hereditary traits is abundantiy dem- 
onstrated by investigations on all sorts of organ- 
isms during the present century, the system of de- 
termination and inheritance manifested by the anti- 
genic traits seems likely to be more general and 
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significant than the system earlier discovered for 
the killer trait. 


WE RETURN now to the problem with which we 
started. What may our discoveries signify with 
reference to the dark problem of how the cells of 
complex higher organisms come to be diverse? 
Like the different antigenic types within one stock 
of paramecia, the different cell types in the body of 
a higher organism probably have the same genes. 
The results on paramecium show how cells with 
the same genes can differ persistently in their 
traits as a result of competition between alternative 
and mutually exclusive plasmagenes, in spite of 
the fact that the plasmagenes themselves are de- 
pendent upon genes for their origin and mainten- 
ance. There is at least a possibility that similar 
mechanisms operate in the differentiation of differ- 


SYMPHONY AT SEA 


From where I sit and see— 

The sheets with reef points more like notes, 
A vane which marks the mood 

Of a maestro’s wand— 


I hear a symphony. 
The 


The 


With their percussion. 


On high a throated chorus 


Dances in the wind 


Like smoke caught in a draft. 
I think the music will not end 
When someone stands and shouts, 


(It might be “bravo’’) 


As clouds uncurtain jewelings on the land. 
The nates die with the fluttering sheets 
And lapping waves applaud politely 


On the hull in port. 


gusty thumb and digits strum 
The strings, the halyards and the stays. 
The wand waves to and fro, fortissimo; 
mood becomes allegro 

And crashing tympanists are wet 





ent cell types in the body ot a hig 





If so, there emerges the hope of sim 
cell type, of control of the process « 
tion from one cell type to another, i1 
the transformation from normal to ca 
what is of greater practical importa 
transformation. 

This account of the status of the 
genic traits in paramecium gives it 
great an aspect of finality. It has now 
ress only a year and is therefore p: 
considered as in its early stages. Wha 
as the study progresses cannot of ¢ Su 
dicted, but there 1s reason to hope t 4 
emerges must be of interest 1n relation 
of cellular heredity, differentiation, and 
tion, wherever they are met in both uw 
higher organisms. 
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OUR paper at Cleveland (Experiments with 
B High-Voltage Tubes, Phys. Rev., 1931, 37, 
469) in December 1930, which received the 





7’ 


af 





AAS prize for that year, we reported on the first 
Biuction of artificially accelerated particles 
Hectrons in the beta-ray region) and radiations 
ying energies above one million volts (electrons 







the beta-ray region and X-rays in the gamma- 
y region). Lacking a better voltage source at 






hat time, we had used a Tesla coil for the develop 
ent and testing of cascade-type (multiple elec 






ade) tubes for voltages above one million, and to 





y out these measurements on high-energy 
diations and particles. We also reported then the 
fst observations on animals of whole-body lethal 







d sublethal exposures to gamma rays, which 





ave been of increasing interest in recent years. 





€ had studied the effect of large dosages of 





ighly filtered gamma rays on rats (using 6 grams 
fadium at the Bureau of Standards). 

Viewing the enormous progress in nuclear phys- 
using high-energy accelerators since 1931, we 
that it is highly immodest to list even the 

igh lights of “what has happened in the field of 

f paper” since we gave it. We were early work- 

rs, beginning in 1927, in a field that was enor- 
isly rich in immediate potentialities, even 
yond our own recognition and great expecta- 

is. The cyclotron (1932); the first artificial 
awMsmutations (1932); the discovery of the neu- 
ron and positron and their artificial production 

1982-34 ) : the host of nuclear transmutations 

ra@duced by high-energy particle accelerators 

1932-39 and to date); the measurement of the 

bimary nuclear forces (1935-37) ; the discovery 

of Besonance reactions and studies of nuclear 
wey levels (1935-37 and to date) ; the work on 
iGear fission, after its first glimpse using radium 
sources ; even the atomic pile and its consequences 
ll were more or less direct consequences of the 

Paeoning enthusiasm of the early workers with 

nigh-voltage sources (1926-32), who had the clear- 

faim i producing artificial beams of high-energy 
icles for the direct study of the atomic nucleus. 
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NUCLEAR PHYSICS AND HIGH-VOLTAGE 
ACCELERATORS 


MERLE A. TUVE, LAWRENCE R. HAFSTAD, and ODD DAHL 











Drs. Tuve, Hafstad, and Dahl, all of the Carnegie Institution of Washinat 
collaborated on the paper that was awarded the Annual Thousand Dollar AAAS 
Prize in 1930 


We were privileged to be among this group, but 
our early efforts, reported in the 1930 paper, con 
tributed only in a very limited and modest way to 
the flowering of knowledge and activity in this area 
which began about 1932. 

Our own activities during the decade of the thir 
ties were largely focused on our original 1926 goal of 
studying “the simplest interactions between the 
primary particles at very close distances.” This re 
sulted in our measurements of the proton-proton 
interaction, which turned out to be very nearly 
the same as the proton-neutron interaction, not 
even visualized when we began. These interactions 
are the binding forces of atomic nuclei, and may 
ultimately be further explained in terms of mesons 
We also made early studies of nuclear resonance 
reactions (Hafstad, L. R., and Tuve, M. A. Reso 
nance Transmutations by Protons. Pliys. Rev., 
1935, 47, 506-7) and other transmutations of the 
light elements, and participated with our colleagues 
in early studies of nuclear fission and the emission 
of delayed neutrons (Roberts, R. B., Hafstad, L. 
R., Meyer, R. C., and Wang, P. Phys. Rev., 1939, 
55, 664). 

We like to think that our enthusiasm and that 
of our colleagues, especially Gregory Breit, for the 
possibilities of discovery and the basic value of new 
ideas and facts of philosophical importance in this 
area may have contributed in a characteristicall) 
infectious way during the early period to the 
initiative and vigor of some of the other workers 
who chose to enter the field of nuclear physics 
using artificially accelerated particles, but the de 
velopment of this entire field since our paper of 
1930 has been so vast that we cannot meet the re 
quest of the editors of this journal for a résumé of 
later events in the field of our paper, and must dis- 
claim any detectable vein of influence on later 
developments which can be attributed to our 1930 
report. We greatly enjoyed participating, however, 
in the rapid development of modern nuclear phys- 
ics, indubitably based on the leadership of that 
great and humble man from New Zealand, Lord 
Rutherford. 
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THE TISSUES IN INFECTION AND IMMUNITy 


REUBEN L. KAHN 


Professor Kahn, University Hospital, University of Michigan, received the 
Thousand Dollar AAAS Prize 


F YOU have had a sore throat lately, you were 

probably greatly annoyed by the discomfort 

the infection caused you. Actually, what you 
experienced was an outstanding defensive maneu- 
ver of the body against infectious microorganisms. 
Virulent streptococci caught you off guard—you 
exposed yourself to them in a state of low resist- 
ance, thus enabling them to gain a foothold in your 
throat. Even with their initial advantage over you, 
your body was able to imprison them in the very 
area of their attack and hold them there until rein- 
forcements, especially fluid, phagocytes, and anti- 
bodies were brought by the circulation in sufficient 
quantity to destroy them. 

Had these microorganisms, localized in the cir- 
cumscribed area in the throat, had the opportunity 
of breaking through the prison bars and entering 
the blood stream, they would have gained a vital 
advantage in their warfare with you. Like an 
enemy gaining access to the transportation facilities 
of a country, the microorganisms could then have 
established numerous foci of infection in different 
parts of the body. But the chances are against such 
an occurrence. Once in a long while large numbers 
of microorganisms of exceptionally marked viru- 
lence attack a host of unusually low resistance. 
Then the capacity of the body to keep the micro- 
organisms confined to the area of attack may be 
reduced, giving the enemy the upper hand. Under 
ordinary conditions, however, the localizing ca- 
pacity of the tissues is sufficiently powerful to keep 
the microorganisms confined to the area of attack. 

Our ability to keep the streptococci localized in 
the case of a sore throat is intimately bound up with 
our natural immunity to these microorganisms— 
the result of our close contact with streptococci 
through the ages, in which we have been subjected 
to innumerable subclinical attacks by them, similar 
to vaccinations with minute doses of these micro- 
organisms. These attacks have in turn called forth 
defensive responses, which gradually built up in us 
a considerable degree of natural immunity, un- 
questionably saving us from streptococcic infec- 
tions on many occasions when our surface tissues, 
particularly the skin and exposed mucous mem- 
branes, come in contact with these microorganisms. 
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When, however, owing to our lowe 
or to the high virulence of the micr: 


to both, they succeed in gaining a foot 
exposed tissue of the body, the localiz 


non immediately manifests itself, 
The localization of atta 


our tissues in the immune state is appar 


ing microo! 


versal law in parasitism, for we see 1 
tion not only in human beings and in 
also in plants. This localization, also r 
“retention” or “fixation,” gives the micr 

a chance to establish themselves in a tis 
host, and it aids the host by keeping 
organisms restricted to a local area. \V] 
parasite remains chronically localized or j 
destroyed in the area depends on mai 
such as the virulence of the parasite, the 1 
parasites taking part in the attack, the resis 
the host, and the tissue involved. 

The localizing phenomenon is_ not 
living microorganisms. The tissues of a1 g 
host manifest this phenomenon also agains ee 
living microorganisms. That dead microorg =o 
can replace living microorganisms in call 
immunity was a revolutionary observatio1 
this country by Salmon and Smith in 18% 
had just shown that attenuated microorg 
instead of virulent ones, could be used in im 
ing chickens against chicken cholera. bu 
assumption was still prevalent that microorg 
must be alive in order to produce immunit 
observation of Salmon and Smith placed im 
reactions in the realm of chemical or colloid- 
ical reactions. If dead microorganisms can se’ 
antigens in immunizing and in testing the ex! 
immunity in animals, it means that chemica 
stituents of the microorganisms, such as p! 
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The localizing phenomenon is also man 
against antigenic substances unrelated t 
organisms, such as proteins from any source 
matter of fact, egg and serum albumin, or | 
mixtures, such as horse serum, are common 
gens employed in immunity studies, bot! 
production of antibodies in animals and inc 
forth tissue reactions. It would appear ¢ 
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s to proteins and other antigens by the 
lefensive measures it utilizes in reacting to 
sms. 

Return g to infection in man, it is easy to 
why the capacity of the tissues in the 
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smune host to localize attacking microorganisms 
, vital defensive reaction. For, if our tissues 





ked this capacity, every attacking microorganism 
Would enter the blood stream and become wide- 
read throughout the body, This localizing tend- 
&& persists even until death. For example, a 
ferson with tuberculosis may have but a single 
Mhercle in the lung; or perhaps an entire lobe of 
Pung may be involved; or, indeed, in rare in- 
Brces, an entire lung. Yet the localization of the 
Mbercle bacilli is so powerful that the remaining 
sues of the infected person might be free from 
mhercles. Even in miliary tuberculosis, when the 
Mbercle bacilli have become widespread throughout 
he body and there is little hope for recovery, we 
me innumerable small, circumscribed tubercles in 
Wiferent tissues of the host. The tubercles are ill- 
Brined, to be sure. They are not like the thick- 
Balled tubercles one sees under ordinary conditions 
mm tuberculosis, but they represent a final attempt, 
i to speak, on the part of the tissues to localize 
land wall off the invaders. 

Some eighteen years ago, I became interested in 
this localizing, or retention, capacity of the tissues 






















Hor infectious microorganisms, proteins, and other 
faptigens. In due time I devised an experiment to 
Btermine quantitatively the localizing capacities 
i protein antigen of different tissues in animals 
mg the living state. It was my uope that the expert- 

ental findings of the tissue response to protein 
f an antigen would enlarge our knowledge of the 
ipsue response to microorganisms in infection and 
Mpmunity. Before considering that experiment, let 
briefly examine the accepted views of the role 
antibodies, phagocytes, and of the tissues in 
munity. 












LITTLE controversy exists now with regard to 
e functions of antibodies and phagocytes in im- 
nity. Sixty years ago, in 1888, Nuttall, for many 
ars professor of biology at Cambridge Uni- 
rsity, observed that fresh blood serum possessed 
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femme germicidal powers. This discovery may be 
)M@oked upon as the forerunner of our knowledge of 
: tibodies in immunity. One of the most helpful an- 
__.[empodies in immunity is diptheria antitoxin. This 
J m@tibody was discovered by Roux and Yersin, also 
o# 1888, at the Pasteur Institute, by growing diph- 
etia bacilli in broth and injecting animals with 
Me broth filtrates, These filtrates contained diph- 
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theria toxin and when injected in animals called 
forth the production of diphtheria antitoxin. Soor 
Behring and Kitasato showed that diphtheria anti 
toxin can be employed in human beings with diph 
theria; that the antitoxin neutralizes the toxin in 
VIVO. 

Most microorganisms, however, exert thei 
harmful effects not by the production of solubl 
toxin, like diphtheria or tetanus toxin, but by 
growing in the tissues and thereby interfering with 
normal cell life. Many types of streptococci and 
staphylococci, the typhoid bacilli, and the tubercle 
bacilli might be mentioned as illustrations of micro 
organisms in this category. These and many other 
microorganisms in this class are known to also call 
forth the production of antibodies. These anti 
bodies, furthermore, are believed to be defensive 
in nature, although their mode of action is not as 
clear-cut as that of antitoxic antibodies. The sami 
holds true of antibodies produced in animals by the 
injection of protein antigens. 

Turning from antibodies to phagocytes, or white 
corpuscles, it was Metchnikoff, the Russian sci 
entist, who first expounded their role in immunity. 
Metchnikoff was a zoologist, and his interest was 
not limited to the white corpuscles of mammals 
He was interested also in the ways a unicellulat 
animal like the Amoeba handles bacteria and for 
eign matter. Actually, the Amocba digests bacteria 
by intracellular digestive enzymes, and foreign 
particles which it cannot digest, it extrudes from its 
monocellular body. In mammals, Metchnikoff ob 
served that white corpuscles have the property oi 
drawing bacteria into their bodies and destroying 
them, presumably also by digestive processes. 

Metchnikoff’s view that the white corpuscles are 
the soldier cells of the body was at first severely) 
criticized by his colleagues, but ultimately it be 
came the forerunner of the theory of phagocytosis. 
This phenomenon has come to embrace not only 
the role of white corpuscles, which are mobile and 
can rapidly accumulate in any area in the body 
where microorganisms open attack, but aiso the 
role of fixed phagocytes known as the reticulo- 
endothelial system, which includes numerous spe- 
cialized cells, especially in the spleen and _ liver, 
which exert phagocytic powers not only against 
microorganisms but also against foreign particles. 
Phagocytosis is referred to as the “cellular” con- 
cept of immunity in contradistinction to the role of 
antibodies in immunity, which is referred to as the 
“humoral” concept. 

Half a century ago, there was high controversy 
between these two concepts of immunity. This con- 
troversy was not free from international implica- 
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tions. The French school of workers in immunity, 
under the leadership of Metchnikoff at the Pasteur 
Institute, promulgated the view that phagocytes 
carry the burden of defense. The German school, 
under the leadership of Ehrlich, of Salvarsan fame, 
who fathered the side-chain theory of antigen-anti- 
body reactions, insisted that antibodies carry the 
burden of defense. It was during this controversy 
that Metchnikoff made the famous remark, “Any 
German who does not accept Ehrlich’s side-chain 
theory is damned.” 

Little is heard of that controversy among pres- 
ent-day immunologists. It is now generally ac- 
cepted that both the antibodies and the phagocytic 
cells play important parts in protecting us against 
bacterial invasion and in defending us when micro- 
organisms succeed in gaining a foothold in the 
body. When it comes to the function of the tissues in 
immunity, controversy again runs high. Textbooks 
of bacteriology and immunology do not generally 
even discuss tissue immunity; they present chap- 
ters only on tissue hypersensitiveness. As is well 
known, the defensive role of the fluids of the body 
is covered in these textbooks by chapters on “Anti- 
bodies” or on “Humoral Immunity ;” the defensive 
role of the phagocytes, by chapters on “Phagocy- 
tosis ;” and the role of the tissues in immunity, by 
chapters on ‘Tissue Hypersensitiveness.” 

The concept of tissue hypersensitiveness had its 
origin in “anaphylaxis,” a term coined by Charles 
Richet, who was professor of physiology in the 
Medical Faculty of Paris, in 1902. The term ana- 
phylaxis, ‘‘against protection,” as distinguished 
from prophylaxis, or “for protection,” was first 


‘ 


employed in an article by Richet and Portier en- 
titled “The Anaphylactic Action of Certain Poi- 
sons,” which appeared on February 15, 1902, in 
the Bulletin of the French Biological Society. 
Richet and Portier reported that repeated injec- 
tions in dogs of a glycerin extract of the tentacles 
of Actiniaria, which is poisonous, causes the ani- 
mals to become sensitized instead of immunized to 
the poison. The accepted view had been that re- 
peated injections of an injurious substance tended 
to produce tolerance or immunity to the substance. 
Sut here was evidence that repeated injections of 
a poison produced a condition of hypersensitivity. 

Anaphylaxis has been investigated especially in 
guinea pigs. Theobald Smith in 1904 reported that 
guinea pigs often died suddenly after a second in- 
jection of horse serum given directly into the 
blood stream, and this experimental occurrence 
was for a number of years referred to as the “Theo- 
bald Smith Phenomenon.” The death of the guinea 
pigs was due to asphyxia resulting from the actite 


164 


spasm of the muscular coat, and t! 
valvelike closure, of the smaller bror 
portant fact, however, was that the 
with great suddenness following a sec: 
of the antigen in the blood stream, 

One year after the report on anay 
Maurice Arthus, in an article entitle 
Injections of Horse Serum in 
(Compt. Rendus Soc. de Biol., 190. 
claimed to have corroborated the findi: 
and Portier. This author observed th 
jection of horse serum in the rabbit, ¢ 
route, has no harmful effect on the ani 
peated injections, if given under the s| 
local inflammatory reactions, with tiss 
Arthus interpreted these reactions to b 
tions of local anaphylaxis. 

These experiments by Richet and 
tracted a great deal of attention, and gra 
belief became prevalent that the tissues i1 
and immunity apparently do not act 
with antibodies and phagocytes in defe: 
host but that they become hypersensitiv: 
relate tissue hypersensitiveness with hun 
cellular immunity in an infection, suc! 
throat, is to assume that antibodies and phag 
are lined up against the streptococci in beha 
the host, whereas the tissue cells unde: 
the throat are in a state of “against defense 
are lined up against the host in behalf of the s 
tococci. 

Because it did not seem possible that th 
under attack by microorganisms is divided ag 
itself, I was led to- undertake studies of the 1 
ing of tissue hypersensitiveness. My first ser 
articles was published under the general he 
of “Studies on Sensitization.” In due tu 
studies began to indicate that the tissues r 
harmony with antibodies and phagocytes i1 


of the host, and I changed the general heading 
the articles to “Tissue Reactions in Immu 


Finally, I felt so confident of my premis 
defensive nature of the tissues in infection 
munity that I entitled my summation 
studies “Tissue Immunity” and not 
persensitiveness.” 

Our findings indicate that the sudden « 
the guinea pig following a second injecti 
gen in the blood stream, as well as the local inf 
matory reaction in the skin of the rabbit t 
injections, does not justify an assumptio1 


tissues in infection and immunity under nat’ 


conditions are in a state of hypersensit 
indeed indicate that the tissues, the anti! 
the phagocytes work in harmony in defe 
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view at once leads us into depths of 
sy, Some authors accept the classical in- 
in of tissue hypersensitiveness according 
and Arthus. Some maintain that 
ess is a phase of immunity and that it 
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tle difference what terminology one uses. 
® hers look upon hypersensitiveness and immunity 
Mm. +o distinct coexisting phases in infections, such 
¥ iw tuberculosis. Then, too, allergy in man, so 
BE timately tied in with tissue hypersensitiveness, 
eeds to he considered. It was in 1906 that the term 
Mallergy was created by von Pirquet in Vienna 
Driginally, it was intended to mean altered tissue 
Meactivity, but the term has become a synonym tor 
Bssue hypersensitiveness. 
© With regard to the experiments to be described, 
Pao claim is made that they will give all the answers 
Mp the question of the role of the tissues in infection 
gid immunity. Available knowledge of Immunity 
Hs altogether too limited to give adequate answers 
lM any comprehensive questions in this field. The 
Maim is made merely that any concept that at 
Mempts to explain anaphylactic shock obtained un- 
Mer special conditions of injection actually can be 
lid to apply only to parallel experiments carried 
Mut under the same conditions of injection. Since 
Mhere is no record of any guinea pig or any other 
Mnimal dying from anaphylaxis under natural con- 
B tions any assumption that the tissues under 
Btural conditions of infection and immunity are 
ip an anaphylactic or hypersensitive state is beyond 
experimental indication. 
M Little need be said about the explanation of 
PArthus that the local inflammatory reaction in the 
in of the rabbit to repeated injections of antigen 
a local anaphylactic reaction. Many workers in 
Mi munity look upon this skin reaction as a de 
PHnsive reaction, although some hold onto Arthus’ 
@ncept that the rabbit, like the guinea pig, is in a 
Bate of tissue hypersensitivity as a result of the 
peated injections. 
| Let us now turn to the experiments carried out 
b my laboratory on the localizing capacity of the 
Mssties in immunity. 


As ALREADY emphasized, when an animal pos- 
Rsses immunity to microorganisms, the tissues 
ssess the capability of localizing them in the area 
which they gained entry. Similarly, when an ani- 
al is immunized to a protein antigen, it will 

alize this antigen in the area of injection. The 

alizing mechanism developed against living mi- 
organisms is apparently applied to protein and 
her antigens. 

An experiment in which the localizing capacity 


Beptember 1948 


of the skin of immunized animals is determined 
1 


quantitatively employs a method, developed in my 


laboratory, which enables us to 
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ot localizing, o1 


measure 


; 
capacity of the skin of nonimmun 


ized controls 1s then determined for comparison 
In this experiment, rabbits are immunized wi 


se serum. However, the use of horse serum 11 
the quantitative determination of the localizin 
pacity of the skin of these animals would 
inadequate. Instead, therefore, a type of 
serum 1s employed which is quantitatively stan 
ardized ona unit basis. Actually, horse serum diph 
theria antitoxin, standardized on the basis of neu 
tralizing units of diphtheria toxin, 1s employed in 
testing the skin’s localizing capacity. 

these 


The injection of antitoxin in the skin of 


animals and the determination of the extent to 
which it is localized in the area of injection neces 
sitate that they be injected also with a given dose 
of diphtheria toxin. Let us suppose that the anti 
toxin is injected in a given area in the skin of a 
rabbit that had been previously immunized with 
horse serum, and that diphtheria toxin is injected 
in another area. The skin will localize the injected 
antitoxin and prevent it from reaching the blood 
stream. That will mean that the diphtheria toxin 
will reach the blood stream and exert its toxic ac 
tion unhampered. Suppose, however, the antitoxin 
is injected into the skin of a nonimmunized rabbit 
under the same experimental conditions. The anti- 
toxin will reach the blood stream rapidly, neutral 
ize the injected toxin, and thus prevent toxic action. 

In an actual experiment, rabbits A and B are 
immunized to horse serum. Rabbits C and D are 
nonimmunized controls. All four rabbits are in 
jected with horse serum antitoxin in the skin and, 
simultaneously, with a lethal dose of diphtheria 
toxin. The skin of the nonimmunized rabbits, hav 
ing little capacity for localizing the injected anti 
toxin, will permit it to reach the blood stream with- 
out delay and thereby neutralize the diphtheria 
toxin. The skin of the horse serum-immunized rab- 
bits, having a marked capacity for localizing the 
horse serum antitoxin, will prevent it from enter 
ing the blood stream and neutralizing the toxin 
The nonimmunized control rabbits will thus sur 
vive, and the rabbits immunized to horse serum 
will succumb to the diphtheria toxin 

The following. results were obtained under ex- 
perimental conditions in which rabbits 4A and B 
were given two immunizing injections of horse 
serum, C and D no injections of horse serum, and 
all rabbits were given the same dose of diphtheria 
toxin (50 minimal lethal doses, 250-gr guinea p 
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Rabbit A was not protected from toxin death 
by 1,000 units of antitoxin injected into the skin, 
indicating that this amount of antitoxin was local- 
ized in the skin and was thereby prevented from 
reaching the blood stream and neutralizing the 
toxin. 

Rabbit B was protected from toxin death by 
1,500 units of antitoxin injected into the skin, in- 
dicating that this amount of antitoxin exceeded the 
localizing capacity of the skin, spilled over into the 
blood stream, and neutralized the toxin. 

Rabbit C (control) was not protected from toxin 
death by 15 units of antitoxin injected into the 
skin, indicating that this relatively small amount of 
antitoxin was localized in the skin of the nonim- 
munized animal, and was thereby prevented from 
reaching the blood stream and neutralizing the 
toxin. 

Rabbit D (control) was protected from toxin 
death by 20 units of antitoxin injected into the 
skin, indicating that this amount of antitoxin ex- 
ceeded the localizing capacity of the normal skin, 
spilled over into the blood stream, and neutralized 
the toxin. 

Here we have an illustration of the marked local- 
izing capacity which the skin acquires as a result 
of a relatively limited degree of immunization. By 
arbitrarily considering the antitoxin units localized 
as retention, or localizing, units then: 


1) The skin of a nonimmunized rabbit possesses a 
localizing capacity of 15-20 units. 

2) The skin of a rabbit previously immunized by two 
injections of the antigen possesses a localizing ca- 
pacity of 1,000 to 1,500 units. 


TABLE 1 


LocaALizING CAPACITY, EXPRESSED IN Units, oF 13 Dir- 
FERENT TISSUES IN IMMUNIZED AND Non- 
IMMUNIZED ANIMALS* 


IMMUNIZED 
ANIMALS 


(CONTROLS) 


IMMUNIZED 
ANIMALS 


TISSUE 


Localizing Units 
1,000-1,500 
750—1,000 
750-1,000 
400- 500 
300- 400 
200- 300 
200- 300 
200- 300 
Liver 150- 200 
Articular space 150-— 200 
Skeletal muscle 75— 100 
Brain 75— 100 
Blood stream 50- 75 


15.0-20.0 
15.0-20.0 
5.0- 7.5 
2.5- 5.0 
2.5- 5.0 
2.5- 5.0 
5.0-10.0 
5.0-10.0 
2.5- 5.0 
5.0-10.0 
5.0-10.0 
5.0-10.0 
2.5- 5.0 








Skin 

Under skin 
Peritoneal tissue 
Lung 

Spleen 

Uterine wall 
Popliteal gland 
Testicle 




















* The rabbits were immunized by two injections of horse 
serum about one week apart. 
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Our experimental records show that if 
immunized by 4 or 5 injections of h 
instead of 2 injections, the skin of the 
will localize as many as 3,500 units of h 
antitoxin, possessing what might be 
3,500 localizing units. 

The same experimental approach mai 
the quantitative determination of the 
capacities of 13 different tissues of noni 
and immunized animals (Table 1 
and 2). For reasons of simplicity, in o1 


and 


duce the localizing capacities of different tiss 


single figures, the retention units for the 
the charts are based on the number of 
units injected in each tissue that protect 
mal against the lethal dose of toxin, Th 
of antitoxin units that did not protect tl 
are the lower figures given in the table 
dent from the table and charts that in 1 


nized animals the units of retention rang 


to 20; in the immunized animals, the rang 
75 to 1,500. 


The skin shows the greatest localizing cay 


probably because through evolutionary 


tissue has been exposed to microorganisms 


ages 


result, it has built up a marked capacity to 
them and thereby prevent them from entering 


blood stream. This same localizing capaci 


dently manifested against protein antigen. 
posed mucous membranes apparently als: 
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marked localizing capacity. Studies of the local 
capacity of the conjunctiva indicate that this tis 


shows a localizing capacity similar to th 


at ol 


skin. The intraperitoneal tissues show an extens 


localizing capacity, possibly because of 
tively large surface exposure to which the 
antigen is subjected. 

It is of interest 


that of the 


tha + 
Lil¢ 


internal orga 


studied, the lung shows the next marked localizi 


capacity, with 400-500 retention units, 
because it is, in part at least, an expose 
Skeletal muscle shows a relatively low 
capacity, with 75-100 retention units, and 
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1 
> tiss 


retent 


the sa 


applies to brain tissue. The retention units are | 


est, only 50-75, when the antigen is inject 


P 
ed int 


blood stream, This finding is also not without 


terest, since, when the antigen is injecte 
blood stream of a nonimmunized animal 
tention units are only 2.5-5. 


This tissue immunity experiment is present: 


of] at 
a oi 


the 3 
, the 
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emphasize the importance of localization 1 


munity and to stimulate an interest in the 
individual tissues in immunity. The met 


ployed is limited in its application. Ye 


hod ¢ 


+ 
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brought to light, in addition to the data present 
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Chart 1. Retention, or localizing, capacity of different tissues of nonimmunized rabbits for protein antigen 
jng a range of 5—20 units). 
the table and charts, some experimental results of can be detected 48 hours after an immunizing in 
considerable interest. For example, the method has jection. Since antibodies become detectable in about 
shown that the localizing phenomenon in the skin a week after an immunizing injection, it would 
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UNITS OF RETENTION CAPACITY 
7 DAYS AFTER SECOND INJECTION 
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= Chart 2. Retention, or localizing, capacity of different tissues of rabbits for specific antigen following the injectio 
= two immunizing doses of protein antigen (showing a range of 75-1,500 units). 
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appear that the localizing phenomenon is perhaps 
one of the first manifestations in immunity. 

The method has brought to light additional data 
with regard to the localizing phenomenon, For ex- 
ample, it showed that the tissues of young animals 
do not possess as marked localizing powers in im- 
munity as the tissues of adult animals, which helps 
to explain the greater susceptibility of the young to 
infection. Also, when nonimmunized animals are in- 
jected with antibodies from immunized animals and 
are thereby passively immunized, the localizing ca- 
pacities of their tissues do not show the same pattern 
as in actively immunized animals. The localizing 
capacities of the different tissues in the passively 
immunized animals are relatively similar in range. 
Thus, although the localizing capacities of the skin 
and skeletal muscle in these animals are increased 
over the capacities in nonimmunized animals, the 
localizing capacity of the skin is only about twice 
that of muscle, the same ratio as in nonimmunized 
animals. In actively immunized animals, however, 
as we have seen, the localizing capacity of the skin 
is more than ten times that of muscle. 

This finding would suggest that the localizing 
capacity of the tissues in immunity is a function 
that manifests itself over and above circulating anti- 
bodies. What it is desired to emphasize, however, 
is that the study of the localizing capacities of dif- 
ferent tissues in different animals under various 
conditions of immunization by the method herewith 
described opens up a highly promising field for the 
study of immunity. The method is an elaborate 
one: the data in the table and charts required some 
200 rabbits. But if we are to fully understand im- 
munologic reactions to microorganisms and other 
antigens, we must understand not only the reac- 
tions of the body as a whole but also of the indi- 
vidual tissues. 


TURNING to the results in the tables and charts, 
it cannot be said that clinicians have not recognized 
differences in the immunologic response of differ- 
ent tissues. Suppose a person has a staphylococcus 
infection of the skin, commonly called a boil. Then 
suppose another person has an infection in muscle 
by staphylococci of the same virulence and the 
same number, an infection commonly referred to 
as an abscess, It is a matter of common knowledge 
to clinicians that the abscess is of far greater dan- 
ger, for it might mean the establishment by the 
staphylococci of other foci of infection in different 
parts of the body. In the case of the boil, this possi- 
bility is altogether unlikely. 

When we recall that the localizing capacity: of 
skeletal muscle is only about one tenth that of the 
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skin, it would be expected that the cl 
escape by the staphylococci from the mus 

tion would be far greater than the cl 
escape from the skin. One must take into « 

tion, of course, that the skin infection is su 

by a relatively thick fibrous wall, wh 
muscle infection does not have so pron 
wall, which again emphasizes that differe: 
play different roles in immunity. 

After giving so much emphasis to the | 
capacities of the tissues in immunity, 
perhaps be well to consider briefly the tissue, 
the absence of immunity. According to 1 
and Chart 1, the localizing capacities of th 
of the nonimmunized animal are apparent 
slight, or perhaps negligible. This is evid 
only from experimental findings in the lab 


but also from clinical findings in human being 


For instance, human beings lack immunity 
spirochete pallidum, the causative organis: 


syphilis. Hence, when the spirochetes gain ent: 


into some area of the skin or mucous met 
they soon reach the blood stream. A period 
cubation then follows when there is no indicat 
in the local area that a highly virulent micr 
ism has gained a foothold in the body. 


The same holds true of tularemia. Human being 


lack immunity to this disease, The result is | 
when the tularense microorganisms gain entr 

some point in the skin, they are not localized 
that point but soon reach the blood stream. \\! 


often happens is that a butcher will contract t! 


infection while skinning an infected jack 


He may have a scratch on his hand that facilitate: 
his getting the infection. As the microorganism: 


gain entry through the scratch, there is at first 1 
local nor systemic indication that highly viru! 
microorganisms have worked their way int 
body. 

Taking a third illustration, we might 
tubercle bacilli under the skin of a guinea pig. T! 
animal lacks natural immunity to these bacilli, a 
when they are injected they rapidly escape {1 
the area of injection and reach the blood strea' 

Briefly, the tissues of a nonimmune host 
unable to localize microorganisms or protein 
gens and prevent them from entering the b! 
stream and becoming widespread throughout 1 
body. This lack of the localizing capacity, how: 
is relative and not absolute. In relation 


marked localizing capacity of the tissues in 1mm 


nity, the localizing capacity in the absence 


munity is apparently negligible. Of great interes 


is the fact that during the period of incubat 


infection and immunity, virulent microorganis!» 
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ilate in the blood stream without apparent 


I] 4 
arm (o the host. 

| When it comes to the question of how the tis 
syes in immunity localize a specific antigen, per- 
haps a Wise answer would be “I don’t know.” For 
re entering here into the realm of theory, and 
sometimes good data are “spoiled” by wrong 
‘heories. I have been impressed at times by the 
view that a scientist should present data and omit 
explanatory theories; for the data will live—the 
theories might die the next day. At other times, 
| have been impressed by the view that a scientist 
must present theories explanatory of his data, else 
they are uncorrelated facts and, like the pieces of 
a jigsaw puzzle, meaningless—that a wrong theory 
s better than no theory. It might be best, therefore, 
to consider some theories. 

Before presenting my own theory of the basis 
of localization, I wish to present the theories of 
two distinguished American pathologists. Opie, 
who has investigated the localization of injected 
protein in the skin of specifically immunized rab- 
bits, came to the conclusion that the protein com- 
bines locally with circulating antibodies (Inflam- 
mation and Immunity, J. of Jmmunol., 1929, 17, 
329). The end result of this combination is the 
formation of a precipitate in vivo, just as a pre- 
cipitate is formed when antigen and antibody are 
brought together in vitro. Opie believes that the 
union of antigen and antibody in the area of in- 
jection is toxic to the tissue and the resulting in- 
jury calls forth a local inflammatory reaction. 

This fact should be emphasized: namely, when 
localization of antigens or of microorganisms takes 
place in a tissue of an immunized animal, a local 
inflammatory reaction occurs. Menkin (Dynamics 
of Inflammation. New York: Macmillan, 1940), 
jwho has extensively studied many aspects of in- 
‘flammation, believes that it is the local inflamma- 
tory reaction that is responsible for the localization 
of the antigen. It is known that inflammatory tissue 
possesses marked localizing capacity, not only for 
specific antigens but also for inert substances, such 
as dyes, Menkin’s explanation overlaps to some 
extent that of Opie. The antigen is held in the area 
sof injection by its union with circulating anti- 
s bodies. The toxic effect of this union produces local 
}tissue injury and, in turn, an inflammatory reac- 
ition. The inflammatory tissue then intensifies the 
Hocalizing response. 

Not being a pathologist, I should not presume 
) ‘0 question the views of two distinguished workers 
7'n a tissue response associated with inflammation. 
To me, however, immunity is a physiologic func- 
Ftion of all cells, and my experiments have been 
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carried out only from this pomt of view. If, there 


fore, I must encroach upon the field of pathology 
by touching upon the inflammatory reaction to a 
specific antigen in immunity, my aim is to consider 
this reaction only in its broadest sense 

Actually, my experiments do not question tl 
generally accepted view that inflammatory tissue 
possesses a marked capacity for localizing specific 
antigen and nonspecific substances. I ditfer from 
Opie and Menkin only in the question of the first 
and initial step in loc: lization. My e xperiments 11 
dicate that the first step in localization is the result 
of some colloid-chemical union between the tissue 
cells and the antigens; that this union ts similat 
to that which occurs between white corpuscles and 
bacteria in phagocytosis and between antigen and 
antibody preliminary to agglutination and precipi 
tation in the test tube. 

Briefly, I believe that as a result of immuniza 
tion, all the body cells develop the property of 
identifying the specific antigen and of entering into 
union with it. Certain cells, such as reticulo-endo 
thelial cells, possess this property to a greater ex 
tent than other cells. The cells of the exposed tls 
sues of the be ly possess this property toa marked 
degree, but all be dy cells possess it to some degree 

Hence, when we inject microorganisms or other 
antigens into a tissue of an immunized animal and 
the injected material is localized or retained o1 
fixed—to use different nomenclatures—in the area 
of injection, we see the end result of colloid-chem1 
cal union between the local tissue cells and the 
injected material. The same holds true of infection 
under natural conditions. If I, who possess natural 
immunity to streptococci, develop a streptococci 
sore throat, it means that the surface cells of the 
throat, having come into contact with these micro 
organisms, have entered into chemical union with 
them and, as a result, localized them in such a way 
that they cannot enter the blood stream and pro 
duce a septicemia. 

When tissue cells enter into chemical union with 
microorganisms or antigens and hold them local 
ized, what effect might such union and localization 
have on the cells? The cells are bound to become 
injured, since their normal processes are interfered 
with, Just as the phagocyte, by holding bacteria in 
its body, pays with its life to protect the host, the 
tissue cells which hold microorganisms fixed to 
prevent them.from entering the blood stream and 
becoming widespread evidently undergo injury and 
even death to protect the body as a whole. 

The moment tissue injury occurs in a given area 
in the body, a chain of events takes place aimed 
at destroying the substance or substances respon- 
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sible for the injury and at healing of the injured 
tissue. Inflammation, which includes the dilation 
of the capillaries in the area, the accumulation of 
fluids and phagocytes, and the formation of a 
fibrous wall to circumscribe the area, is thus be- 
lieved to be the sequel to the localization of micro- 
organisms or antigen in a tissue of an immunized 
host. 

Inflammatory reactions, occurring in connection 
with the localization of antigen, show different 
characteristics. For example, let us say we have 
before us a rabbit immunized by several injections 
of horse serum. The question is, What type of in- 
flammatory reactions will the animal show to the 
injections of 0.01 cc, 0.1 cc, and 1 ce of horse 
serum? On injecting these amounts in different 
areas under the skin, it is found that 0.01 cc causes 
a small, slightly raised inflammatory area which re- 
verts to normality in 48-72 hours; that 0.1 cc re- 
sults in a larger inflammatory area which takes 
about a week to revert to normality ; and that the 
l-cc amount calls forth not only a relatively large 
inflammatory area, but the center of this area be- 
comes black, indicating the cutting off of the blood 
supply, with resulting death of tissue. It takes some 
months before this area is fully healed. 

The relationship between an inflammatory re- 
action, which pathologists have long emphasized to 
be a defensive response of the body to tissue injury 
and inflammation with tissue necrosis, interested 
me as a student of immunity. The death of the tis- 
sue of an immunized animal right in the center of 
the defensive inflammatory reaction seemed at first 
difficult to explain immunologically. 

Let us then re-examine this experiment. The in- 
jection of 0.01 cc and 0.1 cc of horse serum under 
the skin of the immunized rabbit called forth local, 
raised inflammatory areas without any indication 
of tissue necrosis. Studies of the fate of the injected 
horse serum indicate that it is destroyed by the in- 
flammatory reaction. When the inflammatory re- 
action subsides and the areas assume normality, 
the injected horse serum has disappeared. These 
results must mean that the animal was sufficiently 
immunized to call forth a defensive inflammatory 
reaction of such strength as to completely destroy 
these small amounts of horse serum and to heal the 
injured tissue. 

Suppose the inflammatory reaction mustered by 
the immunized anima! is insufficiently strong to 
destroy the injected horse serum? Undestroyed 
horse serum will then remain within the inflam- 
matory area. The picture then changes from in- 
creased blood volume, associated with inflam- 
mation, to the cutting off of the blood supply, 
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presumably by the clogging of the blood 
with thrombi. Instead of a raised infla1 
area, a sunken-tissue necrotic area is noted 

This is what happened when, in our exp 
we injected an entire cubic centimeter « 
serum under the skin of the rabbit. The 
immunity, strong enough to call forth inf 
tory reactions to destroy 0.01 ce and 0.1 « 
jected horse serum, was not strong en 
destroy 1 cc, and the undestroyed hors¢ 
within the inflammatory area changed the 
sive inflammatory reaction to a local tissue n« 
reaction, 

[ have published three simple method 
changing a defensive inflammatory reaction | 


injection of an antigen in an immune animal in 


a tissue necrotic reaction. We have just cons 
Method 1. Method 2 consists of calling 

local inflammatory reaction in the skin of ar 
munized rabbit to the injection of a specific 


gen, and then injecting a trace of the same antige: 


within the inflammatory area. The point where 1 


specific antigen is injected will become purpl 


then black in a matter of minutes, indicating deat 
of tissue. Method 3 consists of again injecti1 


s 


relatively small amount of antigen in a tissue, su 


as the skin, of an immunized rabbit. An inflamma 
tory reaction will appear at the site of the injectio 


A relatively large amount of the antigen is then : 
jected into the blood stream. The attraction whi 


the local inflammatory area exerts on the circulating 
antigen results in the accumulation of the antige: 


within the inflammatory area, and, when 


amount accumulated becomes greater than the 1 
flammatory reaction can destroy, tissue necross 


will set in within the inflammatory area. 


These three methods are readily applicabl 
bacterial suspensions. For example, an inject 
of a small dose of vaccine of colon bacilli into t! 
skin of a rabbit will call forth a raised inflammato: 
area which will subside to normal in a few day: 
A large dose of the same vaccine will result in a 
inflammatory reaction with central tissue necrosis 
An inflammatory reaction called forth by a sn 
dose of the vaccine will change to a tissue necrot 
reaction by the injection of sufficient vaccine in t 
blood stream. Also, an inflammatory reaction © 
sulting from a small dose of the vaccine can | 


changed to a tissue necrotic response at a gi’ 


point if a small amount of the vaccine is inject 


directly into the inflammatory area. 


This change from inflammation to tissue nec! 


becomes understandable by introducing tel 


reasoning. In the struggle between a host and ! 


croorganisms, the host is on top, so to s{ 
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Jong as his defensive mechanisms can localize and 
destroy the attackers. If the defensive mechanisms 
are incapable of destroying the microorganisms, 
the latter gain the upper hand in the local area, 
and, as a result, they destroy the tissues of the 
host. Since chemical antigens exhibit immunologic 
characteristics similar to those of living microor- 
ganisms, we see the same relationship between in- 
fammation and tissue necrosis applied to protein 
antigen, such as horse serum. Briefly, an inflam- 
matory reaction in immunity is a defensive re- 
action of a host against microorganisms (or 
antigens), and tissue necrosis within such an 
inflammatory reaction may be looked upon as a 

lefensive reaction of the microorganisms (or anti- 
se against the host. 


| HAVE tried to emphasize that when we lack 
immunity to given microorganisms or to protein 
antigens, our tissues lack the capacity to localize 
them to any degree in the area of contact. The re- 
sult is that they gain entry into the blood stream 
ina matter of minutes. One of the first manifesta- 
tions of immunity is the development of the capacity 
to localize the specific microorganisms or antigens 
in the area of contact, with the result that they 
do not gain access to the blood stream. The cutane- 
ous tissue possesses a localizing capacity above 
that of other tissues, a situation which is under- 
standable, since the greater the localizing capacity 
of the surface tissue, the greater the protection of 
the animal from blood-stream invasion. 
Localization is a widespread response to micro- 
organisms under natural conditions in infection. 
As long as the infected person can keep the micro- 
organisms localized, provided they do not produce 
soluble toxin, he has the upper hand. When he 
Joses this localizing capacity—and this happens 
when an infected person becomes overwhelmed by 
the microorganisms—death may ensue. 
Localization, although protective to the body as 
a whole, is injurious to the local tissue, just as 
phagocytosis is protective to the body as a whole 
put injurious to the phagocytes. When a tissue in 
@ given area localizes microorganisms, it holds 
jonto them, presumably by colloidal-chemical union. 
Such union interferes with the phy siologic func- 
ition of the area and leads to injury of the local 
ells. The body then rushes aid to the injured cells 
by means of a local inflammatory reaction. The 
fluid and phagocytes that accumulate in the area 
mre often sufficient to destroy the microorganisms 
por antigen; then healing of the local area takes 


place. If the inflammatory reaction is too weak to 
wope with the microorganisms or antigen, the situa- 
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tion is reversed in favor of the microorganisms or 
antigen, just as in warfare, if, in a given zone, the 
defensive efforts are incapable of destroying the 
entrenched enemy, the enemy causes the destruc 
tion instead. 

With this approach to the phenomenon of local 
ization and its aftermath, inflammation, let me 
describe an experiment on anaphylaxis in the 
guinea pig. A small amount of protein, such as 
horse serum, is injected in a guinea pig. The ani 
mal will show no apparent effect, since it possesses 
no natural immunity to the horse serum. Several 
weeks later a small amount of horse serum is in- 
jected directly into the blood stream. The animal 
almost immediately gives evidence of shock; it 
breathes with great difficulty and it dies from 
asphyxia within a few minutes. 

How would you and I have interpreted this ex 
periment ? We would probably have assumed that 
the first injection of the horse serum in the guinea 
pig had immunized the animal. This immunity led, 
of course, to the development of the localization 
capacity for horse serum so as to prevent it from 
entering the blood stream. Hence, the injection of 
the horse serum directly into the blood stream 
antagonized this localizing mechanism and led to 
immunologic shock, 

We would have concluded *that the guinea 
pig’s immunologic make-up is so delicately ad- 
justed that it cannot be tampered with experimen- 
tally; that one cannot, by means of a syringe and 
needle, shoot antigen directly into the blood stream 
of that animal after building up immunologic mech- 
anisms to prevent the antigen from reaching the 
blood stream. The animal’s response is very much 
like that of a nation which, before the days of the 
airplane has built up an almost impregnable wall 
to prevent an enemy from gaining entry, and then 
suddenly discovers that the enemy has found its 
way into the very heart of the country. Shock and 
havoc would be bound to result. 

Evidently, that country with the defensive wall 
which surrounds it was not in a state of the op- 
posite of defense; namely, on the enemy side. It 
was in a defensive state, but its defense was not 
adequate to cope with an unexpected emergency 
situation. The same situation, it would seem, ap- 
plied to the guinea pig. Its defensive mechanisms 
had been developed to cope with natural immuno- 
logic conditions, and it apparently lacked pro- 
visions to defend itself against this particular 
laboratory experiment. Immunized animals other 
than guinea pigs and human beings apparently 
have provisions to cope with injections given di- 
rectly into the blood stream. This is very fortunate, 
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especially in the case of human beings, since, in 


diagnosis and therapy, methods of injection have 


become so widespread a practice. 

If, then, there had been no concept of anaphy- 
Arthus, very likely, 
would not have proposed a concept of local ana- 
phylaxis to explain the local inflammatory reaction 
in the rabbit to repeated injections of horse serum, 
For the localization of the antigen in the area o! 
injection and the subsequent inflammatory reac- 
tions are obviously defensive mechanisms. 

Without traditional anaphylaxis 
and of local anaphylaxis, today’s textbooks on im- 


laxis, or “against defense,” 


concepts of 


munology would probably present discussions of 
tissue immunity side by side with humoral and 
phagocytic immunity, emphasizing the defensive 
reactions of the tissues under natural conditions 
of infection and immunity in harmony with the 
reactions of defensive antibodies and phagocytes. 
Then there would be a presentation of the re- 
sponses of a host to injections under various con- 
ditions, perhaps divided into two categories: the 
responses that parallel natural conditions of infec- 
tion and immunity and the responses that do not 
parallel these conditions. It is in the latter sec- 
tion that the behavior of the guinea pig and of 
other animals—and indeed the behavior of man 

to various forms of injection which result in reac- 
tions that occur only under conditions of injection 
would be considered, Then, finally, there would be a 
section on disturbances in the immunologic function, 
in which the allergies of man would be discussed. 

With regard to allergy, in Tissue Immunity 
(Springfield, Ill.: Charles C Thomas, 1936, 681), 
I stated: 

Neither immunity nor allergy, in our opinion, can be 
fully understood without recognizing the tremendous bur- 
den of defense carried by the exposed tissues of the body. 
Through evolutionary ages these tissues have had the task 
of warding off microorganisms, and preventing their en- 


trance into the blood stream and into the d 
Is it not significant then that these surface t 
be largely involved in allergic disturbances « 
this great burden that these tissues carry, it 
that is related to these disturbances. Like . 


guards, the surface cells begin to treat 
stances as though they were harmful microor, 
react with great intensity on slight provocatior 


It would appear that the allergic pers 
from hyperactivity of the immunologi: 
Hyperactivity of a physiologic function 
the most common disturbances of man. | 
activity of the thyroid gland (hyperthy: 
excessive secretion of acid in the stomac 
acidity), and high blood pressure (hypertens 
might be mentioned as examples. The allerg 
son is generally “hyperimmune” to a 
pollen or to some other substance, just ; 
mune person may possess immunity to on 


lar strain of microorganisms and not necessa; 


to others. 

If I may Took into the future, I would sa 
the immunologic manifestations of the ind 
tissues in relation to those of the body as a 
and the factors that influence these manifestat 
will be studied to an increasing extent. The 
tionship between the anatomic structure oi 
vidual tissues and their immunologic funct! 
hardly been explored. Future students 


nity will wish to know more fully the anato 


bases for the immunologic differences of the vari 
They will understand 

fully the immunologic capabilities of the differ 
tissues, as well as their immunologic disturhai 
such as those manifested in the allergies. Infect 


tissues. want to 


and the allergies occur primarily in certain tissues 


hence, the more that is known about the imi 
logic function of these tissues and the functior 
antibodies and phagocytes, the better we s! 
equipped to cope with these disturbances. 
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AN IDEAL PARTNERSHIP 


L. R. CLEVELAND 


the Annual Thousand D 


NIMALS, like humans, form good, bad, and 
indifferent partnerships. Perhaps the best- 
known example where both partners de 

rive more or less equal benefit from living and 
working together is that of termites, or white 
ants, and one-celled flagellate protozoa which live 
in their insect partner. This partnership is a very 
old one. It existed in certain wood-feeding roaches, 
or Blattidae, before termites were given off from 
this ancient group of insects, and it still exists 
in them today very much as it did 200-300 million 
vears ago. It has changed little if at all since 
termites diverged from roaches prior to the 
Tertiary. 

Some roaches, however, formed a partnership 
with bacteria, and this partnership, like that with 
protozoa, was probably passed on to termites in 
the course of evolution. In other words, the proto 
zoan partners were not replaced by bacteria. So 
much more is known regarding the partnership 
of insects and protozoa that the partnership be- 
tween bacteria and insects will not be considered 
here—although if better known, it might be very 
interesting. Since the partnership between protozoa 
and roaches is older and more nearly perfect from 
ithe standpoint of both partners, more attention will 
tbe given it. 

+ Both roach and protozoa use the same food 

swood. Almost any kind of wood, from hard and 
sound to soft and quite rotten, can be used; the 
#main requirement is that it be fairly moist. The 
Froach Cryptocercus punctulatus lives deep within 
ithe wood that it eats, in tunnels just wide enough 
for its body. All traffic is one-way. Movement is 
in, never out, until most of the log is consumed or 
until unfavorable conditions of one kind or another 





make it necessary to look for a new home. There is 
no housing shortage. 

In such an environment, the roach, like the pro- 
tozoa within it, lives in darkness. It comes out into 
the light only when searching for new and better 
living quarters ; this, on the average, happens per- 
haps once every ten or fifteen years. Such secluded 
conditions assure both partners almost complete 

‘freedom from enemies. This. together with an 
abundant food supply and virtually no competition, 
; would seem to offer important population control 
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problems, Long ago, this was probably true, but, 
because of certain well-established adaptations 
made by both partners, the problem no longer 
exists. 

The roach eats the wood and passes it on to the 
protozoa, which live only in the greatly enlarged 
hind portion of its intestine. The protozoa are so 
thick that room for more is made only when death 
occurs; medium-sized ones fit around big ones, 
and small ones around medium-sized ones, like so 
many watermelons, apples, and grapes in a bin 
The roach has mouth parts which cut the wood 
into particles small enough for the one-celled 
protozoa to take into their bodies. If a few par 
ticles too large for the protozoa to take in should be 
swallowed, they never reach the protozoa because 
en route the roach has a screen in its crop for hold 
ing them back. There are three other valves else 
where in the roach’s intestine, each serving a dif 
ferent function in the partnership. 

Even though this partnership has persisted for 
a very long time—possibly longer than any other 

the two partners, in certain respects, still differ 
greatly phy siologically. It is fortunate that this is 
so, for otherwise it would be impossible to experi- 
ment with them and learn what each does. If every 
change in environment that killed one killed the 
other, there would be no way to separate the 
partners and learn what each is capable of doing 
alone, and thus how each helps the other in the 
partnership. 

Withholding not only of wood, but of all nu 
tritious materials, affects the protozoa first and 
more adversely than the roach. This is especially 
true when asbestos moistened with water is fed the 
roach (great quantities are eaten, sometimes even 
when wood is also present). But this is not a satis 
factory method of separating the partners; it will 
kill all individuals of some genera of the protozoa 
and most of those of other genera and still leave the 
roach alive. Yet it never kills all the protozoa, and, 
when the roach is returned to a diet of wood, the 
protozoan population begins to come back. Such an 
experiment lasts for many days, and, even though 
the roach does not die, it is injured considerably. 

Since the roach can withstand a temperature 
3°-4° higher than that required to kill all the 
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1 asexual cell. 


2 sexual cell 
Fig. 2. Leptospironympha wachula. 


protozoa within it, another type of experiment can roach, keep it until the young hatch, and thus se 
be carried out in one hour or in twenty-four—de- cure a population of roaches naturally free ol 
pending on the temperature-—and the roach is not protozoa. In termites the protozoa are killed every 
injured by it, time their partner molts. By 1,olating termites and 
An even more satisfactory method for killing keeping them until they molt, one can obtain a 
the protozoa and leaving the roach uninjured is population naturally free of protozoa. 
to use oxygen, which is very much more poisonous Irrespective of the method used in breaking the 
for the protozoa than for the roach. The time re- partnership, the roach carnot live without its 
quired to break the partnership depends on the protozoa; the same is true of termites. And the 
concentration of oxygen used: two hours when protozoa cannot live in any other animal, nor free 


| iour atmospheres are used; several days when one in nature—not in water, in soil, or in wood. Each 


atmosphere or less is used. Temperature plays an partner is therefore absolutely dependent on the 


| Important role in oxygen toxicity (a subject that other for its existence. Many experiments have 
' cannot be considered here). been carried out in attempts to learn the details of 
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One can also obtain an egg case passed by a this dependericy. Some facts have been established 


dD 


Fig. 1. Trichonympha. 1, asexual haploid cell which under the influence of the molting hormone is converted in 
a single division into two unlike sexual cells (1 and 2); 4, sperm is entering egg through its ring of fertiliza 
tion granules; 5, sperm has entered egg completely, is losing its organelles, and its cytoplasm has fused with that of 
the egg. Soon the nuclei will fuse and thus complete the process of fertilization. 











quite clearly, but there are still many details re- 
garding the precise nature of the partnership that 
are obscure. 

Cellulase, the enzyme responsible for breaking 
down cellulose, the principal constituent of wood, 
is present only in the protozoa. When a roach or 
a termite loses its protozoa, either naturally or 
by experimental means, it loses its cellulase—no 
tissues of the body contain it. When the roach 
regains its protozoa, the cellulase reappears. One 
species of the protozoa has been grown in culture 
where it was able to produce cellulase indefinitely. 

Soth the roach and its protozoa have lived to- 
gether for such a long time on a diet very low in 
protein that neither is able to survive if fed much of 
this substance. They are also unable to tolerate 
large amounts of carbohydrates other than cellu- 
lose. They are able, however, to live very well for 
many months on a diet of pure cellulose. This is 
probably due to the fact that the low rate of 
metabolism of the roach (seven or eight years to 
reach maturity) and the protozoa requires only 
a small amount of nitrogen, which the roach, like 
certain other insects, is able to conserve. 

The roach can pass the protozoa on to its young 
only at the time of molting; hence, molting and 
hatching of the young must occur at the same time. 
Otherwise the young will die—and a fair number 
do—because the partnership is not established. 

At each end of that portion of the roach’s intes- 
tine known as the hind-gut, there is a valve, or 
screen, which will let the protozoa enter but will 
not permit their exit in either direction except 
during molting, when these structures are dis- 
carded and replaced by new ones. Thus, during 
the fall, winter, and spring months, when no young 
are produced, no protozoa are allowed to pass out 
with fecal material. From the standpoint of the 
protozoa, this is highly desirable, because if they 
passed out at a time when no young were available 
to take them on as partners it would mean certain 
death. From the standpoint of the roach, it is also 
desirable, because no useful purpose would be 
served if it released its partners when it had no 
young to take them on. This system of valves, then, 
works to the mutual advantage of both partners. 

A third valve, which is situated in the middle of 
the hind-gut, and which has a powerful muscular 
pump to operate it, serves to force the substances 
elaborated by the protozoa from the wood into the 
mid-gut, where they come in contact with epithelial 
cells that absorb them. These substances cannot 
be absorbed in the hind-gut because it is lined with 
chitin. In forcing the substances from the hind-gut 
to the mid-gut the pump does not carry the pro- 
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tozoa along, nor does it carry wood | 
valve between the two regions of th 
permits only fluid to pass from one t 
anteriorly. 

At the time of molting, and at no 
some of the protozoa, particularly th 
lower portion of the hind-gut, become 
sistant to external conditions and are t! 
survive outside the body long enough 
their transmission to the young roach 
after they hatch. 

In termites the partnership operates i 
In the first place, the protozoa can leave | 
gut of the termite any time. Ordinarily, 
not passed out with the fecal pellets, but ar 
liquid material that sometimes leaves the i 
shortly after a pellet is passed. Instead of 1 
forms of the protozoa being produced at 
the protozoa die and the partnership has 1 
established following each molt. In termit 
there is no need to correlate hatching of 
and molting. This is an advantage in 


young may be hatched over a longer period, 
is a disadvantage to have to pass on the pi 
at hatching and at every molt thereafte: 
more casualties occur than in roaches. H: 
the handicap of having to re-establish the part 
ship so many times in the life of a single 

is more than made up for by the fact that te: 
—with one exception—do not produce egg « 
Instead, they produce huge queens, virtua! 
laying machines, capable of laying c 
thousands of eggs. 

Perhaps the most interesting feature 
partnership is the reaction of both partne: 
the same hormone. In the roach it produces mo! 
and thus allows the insect to increase in 
the protozoa, it produces several types of sey 
behavior, some of which, incidentally, throw « 
siderable light on the origin and_ evolutio: 
sexual processes in general. Some genera oi | 
protozoa have benefited from this phase « 
partnership, since the hormone causes thie! 
produce gametes and thus enables them to ut! 
whatever evolutionary advantages biparent 
heritance offers. The advantage must be consid 
able since this roach has seven families, tw 
genera, and twenty-seven species of protozoa 1! 

This is the first time the secretions of the « 
of one animal have been shown to possess t 


ability to convert the asexual cells of another a! 
mal into sexual cells and thereby exert a direc! 


influence on the course of its evolution and « 


velopment. Other examples similar to this one \ 
probably be uncovered by further investigat! 
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The cycles and evolution of many parasitic 
tozoa have probably been influenced to a con 
» extent by their hosts. 


g1cel 

¢ llustrations show the great nuclear and 
c\ mic changes that occur in a cell when it is 
a1 the influence of the molting hormone. In 
the is Trichonympha, for example, an asexual 
rell, by a single division of its nucleus and cyto 


plasm, pr duces two gametes, a sperm and an egg. 
The sperm enters the egg, and its entire contents, 
cytoplasmic and nuclear, fuse with those of the egg 
to form a new individual (Fig. 1, 1-5). Each new 
individual undergoes two meiotic divisions within 
twenty-four to forty-eight hours after its formation. 
This serves to return the chromosomes to the 
normal haploid number and to replace quickly those 
protozoa given to the newly hatched roaches. 


In the genus Leptospironympha even greatet 
changes occur in the transition from asexual to 
sexual cells, The large spiral flagellar bands of the 
asexual cell are entirely absent in the gamete 
(Fig. 2). 

These sexual forms of protozoa are never pro 
duced except when the roach molts. Heating it 
head inhibits the production of the hormone which 
makes it molt. If kept at a constant temperature oi 


\ briet period Oo} 


an artificial winter—is necessary. 


1S° C, a roach never molts, 
chilling 
It is thus possible by one experimental pro 
cedure to inhibit indefinitely molting and the 
production of the sexual forms of the protozoa, 
and by another to produce molting and the produ 
tion of sexual forms of the protozoa more fre 
quently than occurs natrally 


COWBIRD 


Small parasite, 


why do you leave your eggs 


in other nests? 


Can’t you nurse your own, 
or must you tend the cattle in the fields, 
leaving your offspring 


toa phoebe’s ire, 


or toa vireo’s generous tolerance? 
Must you think only of your 


own bright needs? 


You feed on grasshoppers, 


or on the seeds 


of grain or foxtail grass, 
while in some alien nest 


a small brown head 


wakes toa foster breast! 


MAE WINKLER GOODMAN 
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NERVES IN VIVO 


CARL CASKEY SPEIDEL 


The Annual Thousand Dollar AAAS Prize was awarded to Dr. Speidel, professor of 
anatomy, University of Virginia, in 1931. 


INETEEN years ago I published a paper 

on the behavior of regenerating tissues in 

frog tadpoles that were treated with 
thyroid gland extract. During that investigation 
certain puzzling pigment tips were noted. In at- 
tempting to watch the origin and fate of these tips 
in living animals under the microscope, my atten- 
tion was soon diverted to nerves in the vicinity. 
Since that time a study of tadpole nerve fibers in 
vivo has been my major research interest.* 

Early investigations revealed the details of nerve 
growth and regeneration. Direct microscopic obser- 
vations showed how the pioneer nerve sprouts 
grew out, how the satellite sheath cells migrated 
outward along the nerve sprouts and multiplied, 
and how the nerve sprouts and sheath cells then 
cooperated to form an insulating sheath of a fatty 
substance called myelin. In all this work it was 
found possible to keep track of individual nerve 
fibers and sheath cells. (The technique was de- 
scribed briefly in an article for this journal: 37, 
47A9, 1933.) 

Further investigations continued along several 
lines: an experimental study was made of the 
reactions of nerve fibers to various degrees of 
irritation and injury, together with the steps of 
recovery or of degeneration. Among the injurious 
treatments or agents used were electricity, X-rays, 
heat and cold, salt solutions, strong anesthetics, 
endocrine gland extracts, alcohol, metrazol, mus- 
tard compounds, acids, alkalies, sulfa drugs, and 
the infliction of wounds by cutting or bruising. 

A separate paper was devoted to the effects of 
alcohol on nerve fibers, and another one to the 
effects of metrazol. Particular attention was also 
paid to the behavior of nerve endings. The modern 
use of metrazol, insulin, and electric shock in the 
treatment of some human mental disorders made 
these studies of tadpole nerves of timely interest. 
Direct evidence was secured that such treatments 
could cause alterations in the distribution of nerve 


* Aided by grants from the National Research Council 
(Committee on Grants-in-Aid) ; American Medical As- 
sociation (Committee on Scientific Research) ; American 
Association for the Advancement of Science; Virginia 
Academy of Science; and the Penrose Fund, American 
Philosophical Society. 
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endings in tadpoles. This suggested a 
basis for the change in the mental con 
human patients similarly treated. (The | 
adjustments of nerve endings in general we 
marized in a paper presented before The |] 
Society in 1941.) 

Nerve fibers are intimately related to ot 
sues, and it seemed advisable to study thes 
A great deal of time was devoted to striated 1 
The same technique of observation was used : 
watch the growth and regeneration of indiy 
muscle fibers, the minute changes in cross 
during contraction and clotting, and the step: 
recovery or degeneration following various ¢ 
of injury after different kinds of treatment 

Other kinds of cells were studied also, t! 
less intensively. These included the cells 


blood vessels and blood, lymph vessels, com 
tissue, epithelium, notochord, and pigment. 
Early attempts were made to record thi 


of nerve fibers by fast-motion or time-la 
movies. Although difficulties in technique wer 
countered, some very satisfactory cine-phot 
crographs were obtained. These were first ex! 
ited in 1932, one of the first exhibitions being ¢ 
at the meeting of the AAAS in December oi | 
year at Atlantic City. Since that time I have ti 
steadily to build up a motion-picture film librar 
various kinds of cellular activities. Pictures of 1 
type are superb for demonstration purposes 
method of making fast-motion microscopic mo 
of tadpole tissues was described in an article 
pearing earlier this year in the American Scient 


NERVES AND SENSE ORGANS 
For the past few years my attention has le 
devoted chiefly to the relation between nerves a! 
special sense organs. A study of these has s! 
clearly how one structure may affect another 
some subtle manner, and how regressive c! 
will ensue if the normal relationship is eliminat: 
The frog tadpole’s tail contains a series of spt 
sense organs called lateral-line organs (Fig. | 
They are located in two lines, one along the midd 
of the tail, the other in the dorsal fin. The) 
much like the taste buds of the human tongue (f'g 
2). They are sensitive to chemical variations " 
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er in which the tadpole lives and also to 





the t 
yibrations and to currents. They are innervated by 
branches of the vagus nerve, a cranial nerve. In 


both frog and man this vagus nerve also serves 
heart, lungs, stomach, and other important 
structures. 
Vagus nerve growth and innervation of organs 
following tail-tip removal. If the tip of the tail 
js cut off, regeneration soon takes place and a new 
small tip develops rapidly. Into this grow fibers 
‘from the cut vagus nerve stumps and cells from 
the organs nearest the wound. A few days is 
sufficient for the lateral-line branch of the vagus 
nerve to give rise to very active sprouts (Fig. 3). 
The growth of this nerve is quite like that of the 
spinal nerves in the vicinity. Motion pictures beau- 
tifully portray its progress. 
Ordinarily, the regeneration of the cut lateral- 
line nerve proceeds concomitantly with regenera- 
tion of organs, the latter arising from a placode, 
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Fig. 1. Lateral view of frog tadpole’s tail showing 
nerves and sense organs of lateral-line system and sites 
for operations. 

Upper sketch shows position of the two lines (small 
circles) of lateral-line organs (LO); and their accom- 
-panying nerves, the main lateral-line nerve (mLN) ; and 
the dorsal lateral-line nerve (dLN). (Similar nerves 
and organs on left side not shown.) The tip of the tail 

-may be cut off, as at A, and at the same time the main 
lateral-line nerve may be transected at B, thus denervat- 
‘ing organs to the left. In like manner, a gap (G) cut in 
‘the dorsal fin causes denervation of organs to the left in 
‘this region. 

' Lower sketch shows condition of tail about 10 days 
later. The tip has regenerated somewhat, and a new line of 
sorgans (R) has grown into it. Beyond B the nerve 
has degenerated (broken line) ; C and D represent points 
at which additional successive nerve transections are made 
to keep terminal organs denervated. In the dorsal fin the 
» gap has filled with regenerating tissue into which nerve 
‘fibers are growing from the right. Degenerating portion 
ot severed nerve (broken line, left) and (circles) the ac- 
companying denervated organs. To ensure continued de- 
 nervation of these organs, additional transections of nerve 
may be made successively at H, J, and J. 
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Fig. 2. A lateral-line sense organ and its nerve sup 
ply viewed microscopically from lateral surface of tail. In 
this organ 6 sensory cells are visible near center, grouped 
about a shallow pit. Five of the sensory cells are provided 
with long sensory hairs, which jut out through a central 
pore into the water. Except at the pore where the sensory 
cells are located, the whole organ is covered with a thin 
flat layer of skin cells (not shown). From the accom- 
panying nerve fiber, between the 2 myelin segments illus- 
trated, comes a side branch which enters the organ and 
divides into sub-branches, each of which terminates in a 
delicate end bulb. (This sketch, semischematic in nature, 
combines structures which under the microscope are actu 
ally at various levels of focus.) 


or cord of cells, that grows from the last organ into 
the newly developing tail tip. Normally, the nerve 
sends side branches into most of the new organs 
shortly after they become differentiated from the 
placode. Careful observation in a few favorable 
cases reveals some of the details (Fig. 4). Delicate 
naked nerve endings grow into the organs and 
become intimately related to the special sense cells. 
They function to receive sensory impulses from 
the organs, and these impulses are then conducted 
to the brain by way of the lateral-line and vagus 
nerves. 

For the past 70 years investigators have been 
trying to determine the extent to which sense 
organs depend upon their specific nerve supply for 
their structural integrity. Two sharply contrasting 
views are held, derived from research work on both 
lateral-line organs and taste organs. One view 
emphasizes the paramount importance of the nerves 
for the origin, growth, regeneration, and mainte- 
nance of the organs. The other view stresses the 
independence of the organs and holds that the 
specific nerves are unnecessary for the origin of 
new organs, or for their growth, regeneration, and 
maintenance. My recent experiments on tadpoles, 
however, indicate clearly that neither of these views 
is wholly correct. 

Regeneration of denervated organs. A very 
effective method of determining whether lateral- 
line sense organs can arise without lateral-line 
nerve influence was used. This involved the clip- 
ping off of the tail tip, combined with several 
successive transections in an anterior direction of 
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the lateral-line nerve (cf. Fig. 1). In this way, 
while the organs nearest the line of tail amputation 
were kept denervated, they were at the same time 
stimulated to strong regenerative activity. The 
first of the nerve transections could be made 
before, after, or at the same time as the tail-tip 
amputation. There was no difference in the end 
result. In all cases, the regeneration of new organs 
proceeded normally from placode cells which arose 
from the organs at the wound edge (Fig. 5). Ma- 
ture organs with sensory hairs and other charac- 
teristic specialized features were formed. Such 
organs without nerve supply could persist for at 
least several weeks, until the time for metamorpho- 
sis with accompanying reduction of the tail brought 
the observations to an end. This type of experiment 
showed clearly that the specific nerve supply was 
not necessary for the regeneration and early growth 
of the lateral-line organs. 

Maintenance of denervated organs, Experiments 
were next undertaken to find out whether nerve- 
less organs would preserve their structural organi- 
zation indefinitely, or whether regressive changes 
would ultimately ensue. Green frog tadpoles were 
used because these remained in the tadpole stage 
for one or two years. Individual organs in the 
dorsal fin region (cf. Fig. 1) were watched for 
periods of 3-21 months. 

Histories of hundreds of organs in many dif- 
ferent tadpoles showed that organs rendered nerve- 
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+ 
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Fig. 3. Regenerating fibers of the lateral-line nerve, 3 
days after removal of the tip of the tail. The sketches, 
made from motion-picture films, show 3 positions of the 
growing nerve sprouts over a 34-hour period: at 12:25 
P.M., 2:40 p.M., and 3:55 P.M., respectively. 
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Fig. 4. Lateral-line organ innervation in a 
generating zone (from Speidel, C. C., J. Comp. . 
1947). Following tail-tip removal on Apr. | 
eration of organs and nerves took place as 
grew out. On Apr. 25, at 9:40 a.M., a young « 
visible, supplied by a short branch from the a 
ing lateral-line nerve (LN). A_ sheath cell 


nearby. Growth changes in the nerve endings wit 


organ were noticeable during the next 7 hours, 
at 10:30 a.m., 11:40 a.m., and 5:00 p.m. Betws 
,.M. and 5:00 p.m. there also arose a new bra 
which supplied a new small organ just becomi: 
entiated from regenerating placode cells in this 
Apr. 26 and 27 further growth of the nerve endi 
discernible. At this time the organ was supplie 
sensory hairs. (These were located at a mort 
ficial level of focus and are not included her 





cell S moved to the right, out of the field; sheat 


R moved into the field from the left. (A motio: 
record of this case was obtained. ) 


less for periods up to about three months 
necessarily degenerate. For longer periods 


ever, regressive changes became increasing 
ticeable. These included atrophy (reduct 


res 


size), dedifferentiation (loss of some featt 
specialization), and degeneration (death 
component cells). 


The case illustrated here (Fig. 6) str 


demonstrates the long-range trophic effect 
specific nerve supply on the sense organs 
tadpole, after an operation on the dorsal fi 


\ 


1 


K g 


VV 


severed both dorsal lateral-line nerves, regene! 


ing fibers from both right and left proximal 


entered the distal stump of the left side but 1 


the right side. A comparison was possible 
fore, between the reinnervated organs on 
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nerveless organs on the right. Significant 
lifferences were not apparent for the first 3 


but they became increasingly conspicuous 


305" | during later months. 
° b The ages illustrated, 1 th and 10 
LF ; The two stages illustrated, mon ann 


respectively, after the operation, show 


B montis, 


S that whereas there was a normal growth increase 
Fon the reinnervated left side from a total of 28 to 


+ 


'50 organs, there was a marked decrease on the 
denervated right side from 23 to 8 organs. This 
Sumber on the right side decreased to 7 organs 


} before the observations were terminated nearly a 





year alter the operation ; at the same time the num 
her on the left increased to 66, Outside the zone of 
operation on both sides proximal to the cut, where 
the organs were normally innervated, their number 
also increased. 

Most of the surviving nerveless organs on the 
right side exhibited marked atrophy and varying 
degrees of dedifferentiation. The organs and their 
i component cells were smaller, The sensory hairs 
} were for the most part shorter and fewer in num 


: ber, though there was a good deal variation. 
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Fig. 5. Regeneration of denervated lateral-line organs 
(trom Speidel, J. Comp. Neur., 87, 1947). The tail tip 
was cut off on Jan. 28 at the site indicated (doubl 
arrow). Three days later organ nearest wound had be 
} come transformed into a placode, or cord of cells. This 
+ was denervated and kept payee by nerve transections 
farther anteriorly on Feb. 1, 3, 6, and 9. By Feb. 3, five new 
organs were visible. ( The’ numerals designate the num 
ber of sensory hairs in each organ.) By Feb. 5 number 
of new organs had increased to 15: } Vv Feb. 9, to 37. The 
average number of sensory hairs per organ also increased. 
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Fig. 6. Diagram of th dorsal lateral-line nerves and 
organs of both right and left sides showing the long-range 
changes in organ numbers in —s ited and reinnervated 
zones (from Speidel, Am. J. . t., 82, 1948). The nerves 
(dLN) and organs (LO) are represented as if seen 
from the dorsal aspect. A gap was cut in the dorsal fin 
on Feb. 7 at site indicated (brace). Cf. Fig. 1, gap A 
sy Mar. 8 regenerating fibers from both proximal stumps 
had entered the distal stump of left side only. On this 
side distal to the wound there were 28 organs in 10 
groups; on the right side there were 23 organs in & 
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groups. By Nov. 8, however, there were 50 organs on the 
reinnervated left side, but only & single organs on the 
nerveless right side. Proximal to the cut zone the numbe: 


of organs increased on both sides 


Thirteen other case histories were obtained in 
which regenerating nerve fibers reinnervated the 
distal stump and organs of one side only. The 
results were like those of the case just described 

Two interesting case histories of partial rein 
nervation were obtained from tadpoles which were 
kept under observation for record times of 21 and 
19 months, respectively, after operation. In one of 
these (Fig. 7) the regenerating nerve fibers on the 
e wound and reinnervated the 


right side crossed tl 


18] 


—— 





In the other case history of partial rein: 


LEFT dlN RIGHT 




































































































































































[1946] 1945] 1944] Wy : 
rake nao ro \ eee va oe . which is not illustrated here, a single reg: 
16 | ee are 9] 1] ‘loll “s) Te ie nerve fiber grew across the wound zone ; 

‘eo mee = on T ‘= oe nervated the proximal 7 groups of orgar 

| le 6 auneait | Y | | side, but not the distal 9 groups on the s 

= | Sep! | On the other side, there was no reinne1 

| | | | | | any of the 14 groups of organs across tl 

“9 | ! ; Pee Nineteen months after the operation onl) 
Eek eae AR 2 |! | i a of the entire 23 nerveless groups sury 
| 8] 7| 5 | 13} 2 1 | 1} 2)/2)4 |4 | 6|6 contrasted with 15 organs that composé " 
| 6 | TS {313} 2] 1 | | 3!3 13 514 groups innervated by the single nerve filx 
14/4! 2toisiait 1 | 1] 4 3/4 14] 2 These two case histories, as well as tl 
[4/7 4] 4] S121 i | rT 3/4. 5138/6 in Figure 6, bring out also that there is a si 
LS 6) 4/5)5/2/! | lo 314 lal3 correlation between the number of org: 
12151 3/2| 2/2) 1 ' re group and the number of innervating nery 
2 14 3{3/ 2] 1] 1 : ; + REESE _ Thus, a single nerve fiber is capable of supportin, = 
14/4) 2) 2/2] 1] | 2 groups of organs which may attain a n 
14} 6 | 4} 3/ 2 21 Lili 2) | average of 2.4 organs per group. Two nervy 
314) 3/2/2{2{ 1) i! | 2) 4 | 2 | 2| are capable of supporting groups of organs 
[35{3/2] 1 | 2(2| || aff i] 2] 2 | | may attain a maximum average of 5 organs 
[2|3/3{/3}/ 2] 1] 1] I} | | | group. Three or more nerve fibers may sup 
[2141/5 4/2/2\1 maximum average of more than 6 org 

group. 
Fig. 7. History of lateral-line organs following  par- a. foregoing examples show beyond dot 


tial reinnervation of the distal nerve stump on one side and 
complete reinnervation on the other (from Speidel, 4m 
J. Anat., 82, 1948). Both right and left dorsal lateral- 
line nerves (dL.N) were severed by a gap cut in the 
dorsal fin on Sept. 11, 1944 (arrow). Second and third 
cuts were made nearer the root of the tail on Sept. 
14 and 18 (cf. Fig. 1, gap G and cuts H and /). Re- 
generating fibers from each proximal stump grew into 
scar zone and formed a common trunk, which divided and 


the lateral-line nerve fibers exert 


range trophic influence over the sense orgai 
they supply. Permanently denervated organs 


prived of this influence cease growing a/te1 


and then undergo regressive changes leadi 


ultimate degeneration. 


a strong 


gave branches to each distal stump. On left side, entire No evidence has been seen to indicate that ne 


nerve stump and its associated organs became reinner- 
vated. On right side, however, the innervating fibers, 2 in 
number, grew only halfway through the distal stump and 
reinnervated organs in this zone only. The terminal half 
of right distal stump and the organs of this zone re- 
mained completely devoid of nerve fibers (dotted line). 
On Sept. 1], 1944, there were 11 single organs on right 


may induce sense organs to form from indiffer 
epithelium, a view which is held by many 
gators. On the 
organs arise only from pre-cxisting organs, 01 
the partially dedifferentiated reniuiants of org 


contrary, in these experi 


side and 14 on left. (The numeral in each block indicate ; 7 ’ | 
side d 14 0 Ie 4 Phe ume al each block indic ates Fate of organless nerves. Regenerating late: ' 
number of organs in a group.) The changes in organ ; pee : = ‘ae 101 
number are shown for Oct. 9 and Dec. 14, 1944; for line nerve fibers in wound zones occasionally ¢ 2 5 
reg 17 and Sept. 11, 1945; and for Feb. 7 and June 16, — astray and fail to reach any lateral-line organ { 
6. . és . . ” a 
may be termed “organless nerve fibers.” 5 ch: 
proximal 6 groups of organs only, leaving the fibers, during the first month or two, may | ™ 
distal 6 groups on the same side quite nerveless. come ensheathed with myelin and appear | ex 
be mature fibers; nevertheless, they sutfe! t] 


On the left side all 14 groups of organs were rein- 
nervated, During the following months the organs 
supplied with nerves steadily multiplied. The 
reached about seventeen 


gressive changes later. These changes usuall\ 
come conspicuous 3-6 months after the oper 
greatest number was The myelin sheath becomes less massive, a! 
months after the operation. This increase was from 
an original number of 14 on September 11, 1944, 
to 68 on February 7, 1946. (After February 1946 


the number of organs decreased somewhat as the 


enclosed axis cylinder becomes smaller. The: 
myelin is lost entirely, and ultimately the ne! 
substance itself degenerates. Thus, the prese! 
tion of the normal structure of lateral-line 
fibers appears to be significantly correlated 


time approached for metamorphosis with accom- 
other words, 


panying tail resorption.) In sharp contrast, during 
the same period the nerveless organs on the right 


sense-organ innervation. In 
organs exert an important trophic influes 
side decreased from 6 to 1. their nerves. 
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HERE are two extreme types of reaction 
rates. One kind is typified by ordinary 

radioactive decay where the rate is unat- 
fected by ordinary changes in temperature and 
pressure. The second is ordinary chemical reac- 
tions dependent on both temperature and pressure. 
For both types of reaction, the rate can be repre- 
sented as 


rate = Siniviys orp. 


where ; is the number of reacting systems in the 
th state, y; is the number of times per second that 
he system in the ith state vibrates in the direction 
normal to the reaction barrier, and y; is the chance 
on each assault that the system successfully tra- 
verses the barrier. 

If the rate is not affected by temperature or 
pressure, the values of ; are in general known 
from the chemical analysis of the material. For 
equilibrium systems sensitive to temperature and 
pressure, the appropriate statistical mechanical 
calculation is required. This calculation, as well 
as the calculation of v; and y;, depends on ade 
quate knowledge of the potential energy sur 
face, especially in the neighborhood of the mint- 
mum and the barrier saddle point. In prin 
ciple, it is possible to calculate all such surfaces 
for molecular complexes. For nuclei, potential sur 
faces are only known in the region where Cou- 
lomb’s law holds. For distances closer than about 
3x10 Angstroms (depending somewhat on the 
atom), the unknown nuclear forces determine the 
shape of the surface. However, Condon and Gur- 
ney and Gamow showed how barrier leakage could 
explain the radioactive decay of the elements and 
the capture of a swiftly moving particle colliding 
with the nucleus. 

The fraction of molecules decaying per second 
radioactively was found to be approximately 


Bite! on 4 ¢* 
k 2uk be — 2u : 1 )tda 2 
: (2p ) j | (2u(1 E)tdxr (2) 


( 


Here a is the width of the interior of the atom. E 


is the energy of the escaping particle, » is the cor- 
esponding reduced mass, and V’ is the potential 
energy of the barrier. The integral is to be taken 


ving to lack of space, references have been omitted 
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SOME ACCOMPLISHMENTS AND LIMITATIONS 
OF REACTION RATE THEORY 


HENRY EYRING 


J - ; + ; } 
University wh, rece 


from the point of entering the barrier to where it 
emerges. This treatment is satisfactory in so tat 
as it can be tested without a better knowledge ot 
the nature of the nuclear forces. 

Before the above treatment was applied to the 
nucleus, an analogous treatment of molecular 1so 
merization was made by Hund. Actually, the inte 
gral for barrier penetration in equation (2) is 
roughly the same magnitude for molecules as fot 
the nucleus. This is because, although the barriers 
are about a million times as high for the nucleus, 
they are also usually over a thousand times thinner. 
The result is that chemical reactants almost in 
variably find it easier at ordinary temperatures to 
surmount the barrier rather than to tunnel through 
it. The most notable exception is the case where 
the three hydrogen atoms 1n ammonia first form a 
pyramid with the hydrogen base on one side of the 


oO 
~ 


nitrogen apex and then on the other. This turnin 
wrong side out happens about 10" times per second 
and is a true tunneling very much like radioactive 
decay. Examples of this kind are extremely rare, 
however. Most reactions involve the surmounting 
of the barrier. In 1928 London showed how the 
quantum mechanics could be used to construct 
potential barriers and pointed out that, in general, 
the surmounting of the barrier usually proceeded 
without electronic reorganizations of the kind o¢ 
curring in electronic transitions. 

Polanyi and Eyring devised means of construct 
ing potential surfaces from London’s approximate 
formula. These were sufficiently accurate to show 
that tunneling is in general negligible in chemistry 
and to form the basis for a quantitative statistical 
theory of reaction rates. In principle, we can pre 
sumably calculate the rate of any chemical change. 
In practice, it has only been possible so far to show 
from first principles that, for the simplest of reac- 
tions, H + Ho para = He o 
ergy is less than 19 K calories, whereas experi 
mentally it is found to be 


H, the activation en 
about 7 K calories 
Nevertheless, we now have a detailed theory of re 
action rates. Our only really serious limitation in 
predicting reaction rates a priori is the lack of 
workable methods for calculating barrier heights 
This is a difficult problem, but it is of sufficient 
inportance that it will surely be solved eventually. 
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The methods of perturbation theory lead to the tivated complexes should be carried out 
London-type formula, which gives the energy for ning has been made by Sherman and \ 
a system of atoms in terms of the binding energy and more recently by Pearson. 


between pairs. The binding energy between atom The statistical theory for reaction rat 

pairs is considered to be of two types: a classical form b 
“coulombic” binding, which is about 14 percent of _ EF 

the total and is simply additive; and the ‘“ex- (4)(B)... A , * 


change,” or valence, binding which constitutes the 

5 5 where (4), (B), etc., are the concentrat 
remainder. tip Lees 

eh ; : actants. A* is the equilibrium constant bet : 

lhe well-known approximate London formula ; ; : 

normal and activated state and is readily, 

in terms of partition function when the 


E=Q-{5(a-B)*(a-y)?(B-y)*}} (3). mechanical calculation of barrier shape 


for the energy & for four monovalent atoms is 


7-nm 


Here the total coulombic binding is included in O, , kT. ; 
‘ carried through; —, is the frequency at 
h 


a may be taken as the sum of the exchange part 
of the two initial bonds before reaction, and p 1S lute temperature 7. At room temperatut 
the sum of the two bonds formed alter RC TORIONS the walien $6 x 10". The transntesion coct 
y is the sum of the two bonds which are present is calculable from quantum mechanic 

N < ile « « SS) 


only in the activated state along with a and B. barrier shape is known. but can usuall 
rhe radical in (3) may be shown to be equal to 4. unity, 
the length of a vector found by adding £ onto the The specific reaction rate constant 


end of a at an angle of 60° and y onto the end of — pe written as 
8, making the 60° angle which will make the vector 


sum smallest. A chemical reaction starts with a bT b7 Al" 
large and with 8 and y zero and ends with B large hk’ =K h Kt=K n° R1 
and a and y zero. The activated state will thus AH ‘ 
come approximately when a = 8 and the total bind- RT = 
ing will be less than a or B because of y. For three K . RE 
monovalent atoms, equation (3) still applies with 
the same meaning except that a, 8, and y now stand = AE* + pAV+* — TAS 
for a single bond in each case. Equation (3) and K hl RT 
its analogues for more electrons provide a useful h 
basis for constructing approximate potential sur- aie es Ay} + JAV dp 
faces in general. ed RT 

It is of interest to compare the molecular orbital h a2 
calculation of energy with the results of equation bT AF! 4\ 
(3), which is based on the method of bond eigen- » ¢ RT a 


functions. The approximate calculated energy for 
the system taking the state of the separated atoms Here A/F is the Gibbs free energy of activat 
as ng, where n is the number of atoms, is for two pressure p, and AFo? is this value at p = 0. All 
hydrogen atoms E = 2q +28; for three hydrogen _ the heat of activation ; AS* is the entropy o 
atoms on a line, two equispaced from a central tion; Al’# is the increase in volume betw« 
atom, E = 3q+2.828; for three hydrogen atoms normal and the activated state. This equ 
forming an equilateral triangle, E = 3q +38; and theory is applicable to all rate processes 
for four hydrogen atoms forming a square, E physical and chemical, where the activated 
4q +48. does not involve excessive barrier leakage. \\' 
To make the results for the molecular orbital there is leakage, the corresponding contri! 
method agree with experiment, we must assume can be added to the contribution (5) for | 
that the repulsion between nuclei and between elec- over the barrier. The only serious difficult 
trons, which has so far been neglected, will act to timating reaction rates a priori is the esti 
change E for three atoms on a line from 2.828 to of AE?. 
about 1.88, with correspondingly bigger correc- a) Association reactions involving the | 
tions for a triangle and a square, Qualitatively, the | of no bonds ordinarily have AF = 0. 
results would then seem sensible. A systematic ap- b) Substitution reactions of the type 
plication of the molecular orbital method to ac- — 4—B+C have AE* equal to 5 percent 
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C if 4 is an atom and if the bond 4 — B is 
r than B—cC. This defines the activation en- 
bg 1 the reverse reaction since it must be 
; hy the energy of reaction. 

The marion a = b+ G—D > A-C+B-—D 
AE? about 28 percent of the two bonds 
if it is proceeding in the exothermal direc 

fhe reaction d-B+C-D>5A-D+B-C 

ewise possible. Presumably that process will 
ost rapid which is most exothermal. This 
ould be an interesting point to investigate. 

d) In viscous flow, the free energy of activation 
is equal to the heat of vaporization of the flowing 

unit ( usually a molecule) divided by 2.8. Diffusion 
very frequently proceeds by the same mechanism 
vith the same activation-free energy. 

e) In many organic reactions, the energy of acti 
vation is the energy of ionization of one of the re- 
actants. Thus, if one nitrates solutions of benzene 
1 of toluene in sulfuric acid, they go at the same 
rate, but 1f a benzene-toluene mixture is nitrated, 
he toluene is 29 times as apt to nitrate as benzene. 
[his proves the critical complex does not contain 
benzene or toluene, but when formed it reacts with 
one or the other rather than decomposes spontane- 
usly—reacting 29 times faster with the toluene 
molecule. This is in line with the usual situation in 
organic reactions. Thus, frequently, reactive com- 
plexes are formed which may react alternatively 
ina variety of ways. 

f) Optically active synthesis, so common in bio 
logical systems, is certain proof of the existence of 
an optically active enzyme which acts as a templet, 
making better secondary bonds with the favored 
optically activated complex than with the other. 
This of course does not preclude simultaneous 
enzyme action on primary bonds. Such action, 
however, does not favor one optical isomer over 
the other. 

g) Solvents with high dielectric constant, such 
as water, are such effective catalysts of intercom- 
bination between ionic crystals that there is no 
measurable slowness of solution and reaction. 


[HERE are many other general influences affect 
ing individual reaction rates, but we turn now to 


} another type of question. As we consider the 


natural rate processes occurring around us, they 
usually turn out to be a complex of the elementary 
processes for which the general theory has been 
outlined. This complex of elementary processes can 
often be thought of as being in fact a machine. We 


| consider as a first example, very briefly, the process 


+ 
| 


| ol growing old. Children from young or from old 
} Parents do not necessarily reveal the difference in 
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the age of their parents. It thus ts not individua 
lat are growing old. Actually, in a certain 


sense, each individual is as old as the race; and, 


} 
} 


under favorable circumstances, the race might con 
tinue forever. Each individual is a sort of back 
water along the stream of life. In the individual, 
certain cells have become specialized to form ot 
gans, and failure or unbalance between these or 
gans sooner or later must spell disaster for the indi 
vidual, This may be brought about by a series of 
elementary chemical processes or by physical dam 
age. In any case, the interesting problem involves 
a whole complex of processes which will require 
reaction rate theory as a chief tool in its solution 
Considerable progress has already been made in 
applying rate theory to living cells. 

The weathering of a building or a rock on a 
mountain is another complicated series of events. 
Here chemical processes of solution proceed along 
cracks, started by unequal heating and cooling, that 
are then enlarged by freezing and thawing. Again, 
we require our theory of elementary rate processes 
if we are to bring order out of chaos. 

As a final somewhat complicated example, con 
sider mountain building. Here, besides the wrin 
kling that is to be expected with the contraction 
accompanying solidification of a liquid, we require 
an explanation of why mountain building seems 
still to be continuing about as briskly as ever. 
Clearly, some heat engine is at work which requires 
a continuing supply of heat. We think we know that 
no chemical reactions could be supplying the 
amount of heat required, so we turn to radioactiy 
itv. The known radioactive decay in granite sup 
ples roughly 5 calories/million years /gram. Since 
the specific heat is about 1/3 calorie/gram, this 
would mean a temperature rise of about 15 de 
grees ‘million years at depths where the heat loss 
by conduction is small. In the course of time, such 
rocks must melt and so expand about 10 percent 
with an almost irresistible force. Thus, either the 
overburden will move up or strata will be pushed 
sideways or invaded, or liquid will pour out onto 
the surface, whichever process is easiest. With the 
melting of sufficient rock, heat losses are stepped up 
owing to convection ; such losses are increased also 
by the foundering of part of the overburden and by 
the liquid finding its way to the surface. These 
processes, when they get in full swing, will cool 
the mass faster than heat is supplied, and a period 
of solidification and subsidence sets in, only to be 
followed in time by remelting. Thus, we have al- 
most endless cycles of uplift and subsidence wher- 
ever the radioactive “yeast” 1s present. Especially 
is this true in the deltas formed at the margins of 
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continents, which in due course rise to make moun- 
tainous continental margins. Thus one confidently 
anticipates that a great mountain chain will even 
tually rise from the sediments now depositing at 
the mouth of the Mississippi. 
In the earth, radioactivity is concentrated in the 
acid crust, which forms the continents, This con- 
centration may be due in part to chemical affinity. 
However, since radioactive material has the prop- 
erty of becoming heated, its surroundings as a 
result automatically become lighter and so move 
upward, to be finally captured with other light 
materials in the surface crust. Explosions such as 
those at Krakatoa are the natural result of over- 
heating large volumes of gases, such as water, and 
the distillates from partially oxidized organic ma- 
terials, such as CO., NH;, and the hydrocarbons. 
\s radioactivity slowly heats buried sediments, oil 
distilled from buried organic matter moves upward 
aiong porous strata, dissolving material as it goes, 
to be trapped in appropriately situated domes. In 
other places where the temperature gets high 
enough, as around the edges of batholiths, natural 
smelting occurs and ore deposits form. Joly, espe- 
cially, has emphasized the role of radioactivity and 
isostasy in geology, Although his views have been 
criticized and although the criticisms are probably 
justified in part, still radioactivity must be the chief 
fuel in the engine warping the surface of the earth. 
Finally, we come to the dilemma that challenges 
all who would understand the broader aspects of 
reaction rate theory. The second law of thermo- 
dynamics tells us that the entropy of the world 
always increases, and the result of reactions is to 
move ever closer to the final equilibrium. In this 
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“heat death,” life and all the changes 1 
us will have ceased except for possible 
‘rom equilibrium. Reaction rate theor 
of the possible fluctuations of reacting 
from equilibrium. A reaction occurs at 
rate if the activated state must acquii 
the average energy of an oscillator, as ; 
at equilibrium; but if it must acqui 
times this energy, one must wait geolog 
the fluctuation to happen. It thus beco: 
tically improbable to think of a hot 
relatively cool earth ever originating 
fluctuations from a region at constant te 
On the other hand, if the expandin, 
because of inertia expands too far, o1 
reverse itself and contract too far, we | 
expanded state a system with great 1 
and relatively low energy density, revert 
some billions of years to a state of great 
and energy density, which will of nece 
state also of great order. During the 
phase spontaneous processes tend to deci 
order and increase the entropy, wher« 
contraction the reverse will be true. In 
the second law of thermodynamics is a co 
of living in the expanding phase of the « 
ing the contracting phase matter and ene: 
to be pouring in toward the center fr 
space, spontaneously assuming: states oi 
order, In this way impossible fluctuations 
the comparatively orderly consequences 0 
process. In any case, we are much furthe: 
complete understanding of how systems 
equilibrium arise than we are from unde 
how they subsequently proceed toward equ 
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A PLANT PHYSIOLOGIST LOOKS AT THE 
CANCER PROBLEM 


PHILIP R. WHITE 


Dr. White, of The 
Thousand Dolla) | 


f IS a tragic platitude, one which, because 

it is a platitude, has remained too long beneath 

the surface of the public consciousness, that can 
cer destroys more human lives than any other dis 
ease except “heart failure.” The heart maladies 
are mostly degenerative diseases. We will conquer 
them when we understand the nature of aging. Can 
cer, on the other hand, is par excellence the regen- 
erative malady. I have deliberately refrained from 
calling it a “disease” because to most of us disease 
represents weakness, degeneration, breakdown. 
Cancer is primarily none of these but, rather, a lusty, 
undisciplined growth. Degeneration and weakness 
are only secondary sequelae thereto. 

To many medical men, “cancer” is synonymous 
with “carcinoma,” hence an infiltrating, metastas 
ing, malignant growth of epithelial origin. The sar- 
comas, osteomas, etc., are excluded from this nar 
row category even when malignant. To the biologist 
and to most patients this is too narrow. A man dying 
of a malignant osteoma does not care whether it is 
of epithelial origin ; it is to him a cancer. I am not 
a medical man, but a plant physiologist. In bringing 
me into the field of cancer research, it is tacitly 
understood that I will look at the problems from a 
plant physiologist’s point of view. As a plant physi- 
ologist I take a broader view, and define cancer as 
Webster does, as “any malignant tumor.” Malignant 
is “tending to produce death.” A tumor is “any 
noninflammatory mass of tissue which is independ- 
ent and unrestrained in growth and structure, with 
out normal physiologic function, and arising without 
obvious cause from pre-existing tissue.” 

If one examines this definition carefully, it will 
be seen that, stripped to its essentials, the important 
words are “independent, unrestrained, unphysio- 
logical, and noninflammatory.” Nowhere is there 
any mention of the sort of organism involved, or 
the tissue, or the type of cell. It might equally well 
be ectoderm or mesoderm, bone or nerve or skin. 
There is nothing to indicate if it is mammal or 
nvertebrate or plant. The entire definition rests 
upon a characterization of the malignant cell. These 
adjectives “independent, unrestrained, unphysio- 
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logic, noninflammatory” set the malignant cell off 
from normal cells but do nothing more. If this is a 
sound definition, then cancer is an aberration ot! 
cells, no more, no less, and anyone who studies 


} 


these aberrant cells is, per se, an investigator o 
cancer. It is through this gate that a plant physi 
ologist may enter, 

One fact has been brought home to me with 
increasing force repeatedly during the past few 
vears. That is the unexpected realization that, 
while the concept of the cell as an anatomical unit 
has become an unconscious part of our thinking, 
the concept of the cell as a physiological unit has 
not penetrated even the surface of most of out 
minds, Our students (and teachers!) have clothed 
Hooke’s dead chamber with the living sarcode of 
Du Jardin, yet have left it no more than a well 
papered and -furnished room in the vast tenement 
of the body. The place of the cell as an independent 
unit of function has not penetrated to the general 
consciousness of scientists in spite of the clarity ol 
the concepts formulated more than a century ago by 
Dutrochet and Schwann. I am sure that the first 
reaction of many readers will be to deny this, but 
[ am equally sure that upon further consideration 
they will agree. In fact, if I interpret the written 
word rightly, such authorities as Conklin in 1940 
(Cell and Protoplasm Concepts, 10th Symposium 
of the AAAS, #14, 1940) and Whitman before 
him in 1893 (The Inadequacy of the Cell Theor) 
of Development, 1893) deny the correctness of 
that concept. 

Yet it 


concept, as anyone must testify who has had the 


seems to me that it must be a sound 
experience of watching the movement of the con 
nective tissue cells, the migration of nerve fibrils, 
even the spread of an epithelial membrane in tissue 
culture. [ think that nowhere else is the complete 
functional independence of the cells which make 
up our bodies so clearly shown. In fact, as one 
watches the fibroblasts and macrophages moving 
hither and thither across the screen in a time-lapse 
movie of a tissue culture, one is reminded of two 


things; a swarm of bees as it is about to leave the 
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Crown gall on sunflower plant, resulting from a single 
needle-prick inoculation with a broth culture of Phyto 
monas tumefaciens. 
old hive, and the classic pictures of the molecules 
in a gas, or, perhaps better still, the electrons in a 
solid, One recalls Schwann’s words: 

That not every cell, when separated from the organism, 
does, in fact, grow (when so separated) is no more an 
argument against this theory [of physiological indepen- 
dence| than is the fact that a bee soon dies when sepa- 
rated from its swarm a valid argument against the indi- 
vidual life of the bee. 

One might add that the successful cultivation of 
cells outside the organism, in tissue culiures, re- 
moves even this argument. The cell is a physio- 
logical unit. When a gland secretes pituitrin it is 
the cell that is carrying on the physiological process, 
not the gland; when a nerve carries a stimulus it 
is the nerve cell that performs the conduction, not 
the complex system which we call a nerve; when 
a muscle contracts it is the individual cells which 
carry out the physicochemical changes responsible 
for contraction; when a tissue respires it is the 
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individual cells which carry on the pr 
tissues and organs of which an organis 
structed are merely means of Integrating 
activities of the constituent cells into 
that can function. True, this integration 1 
for the normal functioning of the orga 
whole, but it 1s not essential for the nor 
tioning of the individual parts, the cells 
It seems strange that this fact has 
penetrated below the surface of our thi 
still think either in terms of heart actio: 
function, muscle contraction, blood cir 
that is, in terms of organ function—or, at 
extreme, of pancreatic juice digestion, vi 
ple, cytochrome, insulin—that is, in terms 
ical processes outside the cell. In none ot 
we th-nking in terms of the cell itself. D 
as we usually encounter it, except in « 
probably more often a matter of failure 
integrating mechanisms than it is of failu 
cells. In fact, the most ubiquitous ex: 
integrative failure, aging and death, 1s not 
at the cellular level, as the unlimited su 


Tomato root tips cultivated for 1 year on a 
chemically defined except for inclusion of an extract 
mg of yeast per liter. This unknown was later rej 
synthetic materials. Right, a fragment about 1 « 
as introduced into the nutrient. Left, culture afte1 
growth. (From White, P. R. Plant Phys., 1934, ‘ 
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Histogram showing effect on growth of excised tometo 
roots of substitution of thiamin and of thiamin plus glycine 
for the yeast extract. Roots were subsequently grown in 
this thiamin-glycine nutrient for 4 years without diminution 
of growth rate, before its substitution by a slightly mor 
complex defined nutrient. (From White, P. R. Plant Phys., 
1939, 14.) 


tissue cultures has clearly shown, but a failure 


_ at the integrative, organismal level. 


I have said that we do not yet think in terms 
of the cell as an independent physiological unit. 
Perhaps this is not important in dealing with 
generalized diseases such as arthritis or pernicious 


- anemia, nor even with specific organ ailments such 


as kidney disease or heart failure, but in diseases of 
a specific: type of cell, irrespective of its location, 
such as leukemia, multiple sclerosis, or Hodgkin's 
disease, it is of very great importance. It is im 
perative that we overcome this inhibition in our 
thinking. 

But it is not quite enough that we think of cells 
merely as physiological units, for if we do that we 
may be satisfied to study their processes in uni 
cellular organisms, protozoa, bacteria, etc., as 
indeed most “cellular physiologists” have 
Study of the cell as a physiological unit will be 
medically useful only if we never lose sight of the 
fact that what we are really interested in is its func 
tion as a unit int®rated into a multicellular organ 
ism. This I take to be Conklin’s real reason for 


done. 


emphasizing the organismal viewpoint. We isolate 
the cell not so much because we are interested in its 
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unitary behavior per se as because that 1s the onl 
means by which we can distinguish between those 


1 
it 


facets of its behavior that are integral to itself, and 
consequently cannot be modified, and those which 
are imposed by its surroundings, and therefore ca) 
be modified, potentially to the benefit of the orgat 
ism. 


This is, therefore, the philosophy of the tissu 
culturist, a philosophy which permits a plant physi 
ologist to study cancer. 


th last 


One of the grave disappointments « 
generation has been the relatively minor contribu 
tions that tissue culture has made to our undet 
standing of cancer. At the time the technique was 
first being developed in the early 1910s, it seemed 
to hold such very great promise. It was early dis 
that 
plasma more rapidly than normal cells, but it soo1 


covered cancer cells would usually liquefy 


became evident that epithelium in general tends t 
liquefy plasma. Lipman and others verified wit! 
tissue cultures what had already been determined 


| 


on tissue slices, that tumor cells have a somewhat 


different level of anaerobic glycolysis. The highet 
sensitivity of cancer cells to X-rays, long known 


LISS 


verified 11 
These 


not new facts. Perhaps the most important con 


from clinical observations, was 


Strangewavs and others were 


cultures by 


tribution that tissue culture has made so far 1s the 


apparent demonstration by Gey, and perhs:ps by 
Karle (depending on one’s interpretation of thi 
results), that normal cells can be spontaneously 
changed into cancer cells without 
This last 
others and is open to alternative explanations. It 


apparent caus 


observation has not been verified by 


it be one) ot 


represents no more than a proof (11 
something we have long suspected of being true, but 
it does give us a means of studying the phenome 

non and ultimately of unraveling the tangled web ot 


causation behind 1t. 


ALL this 
physiology in general and water movement in 


The 


may seem a bit remote from plant 


plants in particular remoteness is not an 


illusion, but it is a matter of history. My studies 
in water movement, while a natural outcome ot 
certain phases of my root studies, which were 


themselves a means toward my more basic goals of 


tissue nutrition, were nevertheless a divertiss 


ment, a temporary excursion into green pasture 
walled off from my main field. That main field is 


and always has been the study of cancet 
My own first approach to the fields of botl 
cancer and of tissue culture was made a_ littl 
more than twenty vears ago. “Crown gall” had 
long been known as a “plant cancet lwenty 
189 











Two cultures of a hereditary tumor from the hybrid Nicotiana langsdor ffi 


N. glauca, That at the left wa 


undivided for 20 weeks on a nutrient made semisolid by addition of agar. It has remained undifferentiated. That 
right was kept for 10 weeks on the agar nutrient and then transferred for 10 weeks to a nutrient identical except 
omission of the agar, resulting in the culture being immersed in the nutrient fluid. Under these conditions it | 
highly organized stems and leaves. (From White, P. R. Bull. Torrey Bot. Club, 1939, 66.) 


years ago the desirability of growing crown-gall 
tissue in vitro for more accurate control and closer 
study was already well recognized. The possi- 
bility of accomplishing such cultures seemed _ re- 
mote because of the presumed universal presence of 
crown-gall bacteria in the tuniors. If the phenom- 
enon of tumor inception in plant tissues was to be 
studied in detail, it seemed imperative to devise 
methods of growing not tumor tissues but normal 
tissues. These could then be treated, perhaps with 
bacterial products, to transform them into tumor 
tissues in vitro without the cultures being overrun 
with bacteria. Such was the reasoning. Methods 
for growing such normal plant tissues were not 
available at that time, and the task of developing 
these methods fell to me. 

The cultivation of plant tissues proved difficult, 
slow to master, but not impossible. Past history 
had shown many of the things which could not 
be done with facility. It was clear that the basic 
problems were nutritional ones, and that these 


problems would be most easily solved by study of 


rapid-growing, perennially meristematic organs, of 
which the root tip presented a prime example. 
It was for that reason that preliminary work was 
concentrated not on crown gall itself, nor even on 
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tissues commonly subject to crown-gall infect 
but on sound, healthy root tips. The prelimi 
goal was essentially reached in 1939 by thi 

fection of synthetic nutrients for excised root tips 
by Robbins, by Bonner, and by myself, and 

simultaneous extension of the use of nutrients 
this sort to the cultivation of less organized tissu 
by Gautheret, by Nobécourt, and by myself. No! 





Stems of Vinca rosea into which were grafted 1 
of tissue derived originally from crown-gall tu 
dered bacteria-free by fever therapy (Braun) a 
for 1 year as tissue cultures. Massive sterile tun 
from such grafts. (From White, P. R. odie 


32.) 
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like myself, was led to investigate the 


’ 
originally by an interest in crown gall 

¢ eret has been led by somewhat different paths 
-e very important contributions to the crown 
iuestion. Subsequent developments have all 
-ested on the variety of procedures published in 





i 
: . 
\ culture of ca t maintained in \ 

Cultures of this strain when “habituated” by cultivats } 
on all idoleaceti acid medium ind the st | fi 
|\ A-free medium take on properties closel mblit ) 
at Symposium, 194, ‘ 
, 
path that | unexpectedly garnere ( ul 

(should I say “the wages ot si ) that 1s resp 

sible for my writing this present article 

ect returned to that subject since I nnught Lve { 
nit answered your editor’s request by writing a papet . 
e 1 on “Studies on Water Movement in Plants Whi 
Y 1 4 . - 
) an a Have Not Beet Made in the Past De i¢ | f 
id cherish the delusion that what I am writing , 
nts inportant [. 
So, ; pt 
SSI science often progresses by a happy « ( l f 


tion of seemingly unrelated events. At just abou 
the time our technique for cultiva 

tissues, on which we had spent ten years, wa +s 
developed to a point of real usefulness, an unex 
pected break occurred in our favor. In 1941, 


\rmin Braun rediscovered the bacteria-tree se 





ondary tumors which arise at a distance trom the 
\ sun r pl inoculate i r ° wees ae ; 
_ A ou flower plant inoculated with crown-gall bacteria primary focus of infection in cases of crown g 
just above the cotyledons when a seedling. Secondary <a ‘ ' , 
tumors have appeared at various points above the site of of certain plants in the ramuy Compositae hese 
finoculation. These are typically free of crown-gall had been described by Erwin F. Snuth a quarter « 
bacteria. From them bacteria-free tumor tissue cultures, wee 1j are | tod ry 
. ‘ a ‘en arlier 1 ‘roneouslv interp! ( 
can be isolated. (From White, P. R., and Braun, A. ¢ a century earlier, Dut erroneously MIer preted 
Cancer Research. 1942. 2.) discovery immediately placed at out disposal ba 
teria-free crown-gall tissue, of what soon proved to 
It was toward the end of this preparatory de be considerable variety, for in vitro study in tissue 
ade that I jumped the fence outlining my original cultures without the « xpected necessity for going 
2 a . . ° ’ ' : - 1 
problem to examine briefly a quite unrelated through the intermediate stage of working wil 
phenomenon, the secretory capacity of excised normal tissues. Followed quickly by sraun 
roots under in vitro conditions. It was for this studies on thermal behavior of crown gall (likewise 
unplanned departure from the straight and narrow an expansion of earlier incomplete and n¢ g] 
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studies by Riker) and by De Ropp’s redemonstra- 
tion (again an observation of Smith’s, misinter- 
preted by him) of the bacteria-free nature of many 
primary crown-gall tissues, these investigations un- 
expectedly placed a whole range of crown-gall 
tissues within the scope of our recently acquired 
culture methods. We thus now have at our 
command (1) normal tissues which can be caused 
to become tumorous under in vitro conditions. 
(This Gautheret appears to have accomplished in 
what he calls “habituation” brought about by 
treatment with naphthalene acetic acid, a substance 
analogues of which can be obtained from crown- 
gall bacteria.) These can be used as bases of 
comparison with crown-gall tumor cultures. We 
also have at our command (2) tissues which are 
tumorous at the time of isolation (crown-gall sec- 
ondaries) and can therefore serve for comparison 
with normal tissues, for comparison with tissues 
made tumorous by in vitro treatment, and, last, 
for treatment in vitro with procedures which we 
may hope will give us the converse, “curing” 





a tumorous tissue, rendering it again 
behavior. 


We are only just beginning this pl 
studies. It would be a mistake to supp 
have yet even approximated these go 
are endless details to be worked out 
even hope for entirely unexpected leads 
ture. Nevertheless I think we have s/ 
since cancer is an aberration of cells, and 
sort of aberration can and does occu 
different includis 
plant not incor 
contribution to make to the study of c: 
though an AAAS award for a paper 
Pressure, an Unappreciated Force in S 


sorts of organisms, 


physiologists have a 


ment’ may seem a strange basis on whi 
a career in cancer research, there can lb: 


that the heartening effect of such a sym) 


probation from one’s peers does contribut: 
toward the maintenance of productive 


interest, and accomplishment. 
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PHOTOGRAPHIC EXHIBITIONS 


Entries in the Second Annual International Photography-in-Science Salon will be re- 
ceived by The Scientific Monthly July 26-August 16, 1948, inclusive. They will be 
judged on August 21, and those accepted will be shown in the Natural History Build- 
ing, U. S. National Museum, Washington, September 1-21. Already booked through 
April 1949, showings after that date may be arranged. 


The Biological Photographic Association will hold an exhibition in Philadelphia, Sep- 
tember 8-10, in Houston Hall, University of Pennsylvania, at which prints, color trans- 
parencies, and motion pictures in the field of biological photography will be shown. 
There will also be organized symposia and demonstrations. 
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PROTOPLASMIC CONTRACTILITY 
PRESSURE EXPERIMENTS ON THE MOTILITY OF LIVING CELLS 


DOUGLAS MARSLAND 


Professor Marsland, Department of Prol New YVerk University, shared the Annua 
Thousand Dollar AAAS Prise in 1941 with Dr. Dugald E. S. Brown, director of 
Bermuda Biological Station for Research, and Professor Frank H. Johnson, of Princ 


ton University, whose arti 


HIE pressure of our atmosphere, which bears 

directly down upon all land-dwelling animals 

and plants, does not impose a very heavy 
burden, At sea level, in fact, this pressure amounts 
to only 14.7 pounds per square inch; and even if 
an animal migrates from the highest mountain to 
the deepest cave, the pressure changes are rather 
small, Such small variations are important indi 
rectly, because they drastically alter the quantity of 
oxygen and other gases that penetrate into the 
protoplasm and body fluids. But the direct effects 
of pressure upon the vital processes of land-dwell 
ing organisms are almost negligible. 

The deep sea, however, imposes a different set of 
conditions. The cumulative weight of the heavy 
overlying water increases with the depth, and the 
pressure keeps mounting, roughly at the rate of one 
pound for every two feet below the surface level. 
At a depth of three miles, where a wide variety of 
species are known to live (Fig. 1), the pressure has 
climbed to almost 8,000 Ibs. /in?. Such pressures so 
drastically modify the vital activities of an organism 
that truly deep-sea forms cannot survive at surface 
pressure, and, conversely, a surface form is likely 
to die if suddenly exposed to deep-sea conditions. 
Accordingly, we are faced with the problem of 
understanding how pressure affects the funda- 
mental life processes of the protoplasm. This 
problem is important because life originated in the 
aquatic environment, and pressure has played a 
significant role in determining the evolution of 
aquatic species, 

It is of critical importance in cell physiology to 
acquire an understanding of the various chemical 
and physical reactions which go on continually in 
the living protoplasm. These metabolic reactions 
provide energy without which the vital activities 
of the animal must come to a halt. The physiologist 


*The author wishes to make grateful acknowledgment 
to Dr. Dugald E. S. Brown, director of the Bermuda 
B 


10logical Station for Research, who collaborated directly 
1 the work on amoeboid movement and in the studies on 


#4 generous counselor throughout all the other work. 
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continues, therefore, to expose cells to many dil 
ferent experimental conditions. He uses high and 
low temperatures, much and little oxygen, or all 
manner of toxic and nontoxic compounds—knowing 
that the resulting changes in the behavior of the cells 
are bound to reveal something about the fundamen 
tal chemical and physical processes of the proto 
plasm. The influence of high pressure upon the ac 
tivities of living matter has not received an adequate 
share of attention, although pressure experimenta 
tion has gradually gained momentum since 1880 
This modern period in the field of pressure physiol 
ogy began with the important deep-sea dredging ex 
pedition of the Talisman, which proved that many 
organisms live at depths exceeding eight miles and 
at pressures approaching 15,000 Ibs. / in? 

The protoplasmic reactions, of course, are nu- 
merous and very complex. A starting point can be 
reached, however, by considering how pressure 
may influence any given physical or chemical reac 
tion without reference to where it may occur. If 
we take, for example, the freezing of water into 
ice, at a temperature of 0° C and at atmospheric 
pressure, the water-ice system is at equilibrium. 
Under these conditions freezing and thawing are 
exactly balanced so that no net change takes place ; 
but, if the pressure is raised, the ice will melt, In 
other words, pressure is capable of shifting the 
equilibrium of the water-ice system, and it has been 
found that pressure exerts a similar effect upon 
reversible reactions in the protoplasmic system. 

An analysis of the action of pressure upon physi 
cal and chemical reactions leads to the general con 
clusion that volume changes are of critical impor- 
tance. Pressure invariably opposes any change that 
increases the volume of the system, while simul 
taneously it favors any change that decreases the 
volume. In the water-ice equilibrium, for example, 
water expands as it freezes and pressure opposes 
this change, whereas thawing involves shrinkage 
of volume, which is favored by the pressure. More 
over, since volume changes occur in a majority of 
physical and chemical reactions regardless of 
whether these occur in living or in  nonliving 
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Fig. 1. Remarkable deep-sea photograph showing bottom 
of the ocean at a depth exceeding 1 mile (2,120 meters). 
Note large unidentified fish and the numerous tracks and 
castings in the sand. This and other deep-sea photographs 
taken by the staff of the Woods Hole Oceanographic In- 
stitution under the leadership of Maurice Ewing indicate 
that a wide variety of species inhabit the ocean depths. 


matter, it is not surprising to find that the metabolic 
reactions of living cells are very sensitive to 
changes in the environmental pressure; this ex- 
plains why the visible activities of cells are so 
drastically modified according to pressure con- 
ditions. 

In the protoplasm one important reaction, the 
sol-gel reaction, goes on more or less continuously. 
For many years physiologists have noted _ that 
protoplasm keeps changing back and forth from 
the sol state, which is almost as fluid as water, to 
the gel state, which displays a consistency like 
firmly set gelatin. The functional significance of 
these protoplasmic gelations was not understood 
very clearly, however, until quite recently, and the 
experiments in which living cells have been ex- 
posed to high pressure have been very useful in 
clarifying this classic problem. It was soon found 
that the gelling of the protoplasm, like the freezing 
of ice, is drastically inhibited when the pressure is 
raised. When firmly gelled, apparently the proto- 
plasm possesses contractile powers that enable the 
cell to change shape and display motility. And, con- 


194 





versely, when the protoplasm is liquefic 
solling action of high pressure, contract 
and the cell becomes immobile. This, i: 
general conclusion that has emerged 
pressure experiments. But since our pu 
describe the results in more detail, mai 
will be given to amoeboid movement 

movements of dividing cells, with a briei 
tion of the motility of certain pigment cel 


Amoeboid movement, Perhaps the 
itive form of locomotion is amoeboid 
which can be observed directly in 4 
related one-celled animals, This Movel 
restricted to the locomotion of such lo 
however, It is displayed by many cells i: 
body, such as the white blood cells 
the capillary vessels in search of infectiy 

—and many connective tissue cells, whi 
free to wander through the tissue spac 
over, in the embryo, before the tissues ass 
adult form, many embryonic cells employ 
movement as they migrate to their proper 
in the body, where final differentiation 

The fascinating simplicity of amoeboi 
ment can be observed to best advantag 
microscope is brought to bear upon a larg: 
in which only a single pseudopodium 
formed (Fig. 2). Here one sees the smi 
ing of the protoplasm, which carries thi 
vacuoles, and granules forward throug! 
channel of the cell, in the direction of the a 


pseudopodium. It is seen also that the sty 
part of the protoplasm just under tl 





Fig. 2. Diagram of Amoeba showing the me 
amoeboid movement. Forward-streaming of the {1 
plasm, or plasmasol (PS), is caused by a contr 
exerted by a surrounding layer of gelated prot: 
plasmagel (PG). This streaming carries the nu 
food vacuoles (FIV), and other granules out 
actively extending pseudopodium (PS). New 
forming at RG, reinforcing the wall of the pset 
as it lengthens, and the old gel at the other end 
the Amoeba keeps undergoing solation, forming 
masol. Other structures shown are the contracti 
(CV), which serves to pump excess water fron 
and the hyaline fluid (HF), which exudes thi 
contracting plasmagel, especially at ends of the ps 
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ne of the cell does not participate in the 
streaming; rather, it maintains a_ fixed 
and seems to form a wall that guides the 
protoplasm outward through a definite 
hannel. It is thus clear from direct observation 
it the protoplasm of the Amoeba ts differentiated 
nto two parts: the plasmasol, the fluid, deep-lying 
nart, which flows while the 4moeba is moving: 
id the plasmagel, the firmly gelated surface part 
vhich encases the plasmasol. A cycle of sol-gel 
changes is necessary 1f the amoeboid movement is 
+o continue. New gel is added to the walls of the 
plasmagel tube just behind the advancing tip of 
the pseudopodium (Fig. 2), and the old gel at the 
pposite end of the cell is continually transforming 


O] 


Lidt 


into new plasmasol, which joins the forward 
stream. The flowing of the plasmasol appears to 
originate from a contractile force exerted by the 
surrounding tube of plasmagel. However, prior to 
the pressure studies this ‘contractile hypothesis” 
was supported by very little experimental evidence. 

The problem of observing the Amoeba while it is 
heing subjected to high pressure requires a special 
chamber, made of stainless steel. Very strong glass 
(Herculite) must be used in the windows, since 
otherwise the thickness of the windows would not 
permit the cells in the chamber to lie within reach 
oi the lens system of the microscope. Even so, it 
is necessary to use a special objective (Leitz, U.M. 
4) which has an exceptionally long working reach ; 
and since the cells tend to fall to the bottom of the 
chamber, an inverted microscope must be employed. 
Cells are observed at a magnification of 600 di 
ameters. Various pumps may be used to build up 
the pressure in the chamber, although in most of 
the present experiments an automobile jack of the 
hydraulic type was modified to serve as a pump. 

lf we start with an actively flowing Amoeba in 
the chamber and observe what happens when the 
pressure is suddenly raised to a high level (8,000 
lbs./in®.), the effect is quick and dramatic. Im 
mediately the elongate pseudopodium collapses and 
soon the whole cell rounds up into an immobile 
sphere. Apparently, pressure induces a drastic 
liquefaction of the plasmagel, and now the proto 
plasm behaves like any small droplet of fluid in 
which a rounded form results from tensional forces 
at the liquid surface. 

While the pressure is maintained no sign of 
streaming can be detected in the rounded Amoeba, 
and gradually the nucleus and other visible parti- 
cles in the protoplasm begin to fall into the lower 
half of the cell. As soon as the pressure is released, 
however, activity begins again. Within two min- 
utes, one or more pseudopodia begin to thrust out 
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equally susceptible to the lquefving action of hig 


pressure 


ture than the older gel in and near the body of the 


ty 


from the cell, and very soon locomotion becomes 


Very active again 


Not all parts of the plasmagel of the «1 ir 


In fact, the newly tormed gel near the 


pseudopodial tip displays a distinctly weaker stru 


] 


cell, Such a difference shows very plainly when 


more moderate pressures are applied to specimens 
with very long slender pseudopodia—a form as 
sumed by Amoebae when placed in distilled water 
rather than in natural pond water. When the pres 
sure approaches 6,500 Ibs. in*., the first collapse 
and rounding of the protoplasm involves only the 
extremity of each pseudopodium (Fig. 3). Even at 
6,500 pounds, however, the whole cell gradually 


becomes rounded and immobile unless the high 





Bi 


Be 


Fig. 3. Liquefaction and collapse of the ends of the 
pseudopodia of the Amoeba, which occurs when pressur: 
is suddenly raised to a moderately high level. B was taken 
1 second after pressure was raised from 1,500 (4) t 
6,500 Ibs./in?. Such bulbous pseudopodia are transient. 
however, since the whole cell soon rounds into an immobile 
sphere if the pressure is maintained. At 6,500 Ibs./in2. the 
strength of the plasmagel is reduced to less than 20 per- 
cent of the atmospheric value. 
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pressure is released within a minute or two, Thus 
the newly formed gel near the advancing end of a 
pseudopodium, being relatively weak, disintegrates 
quickly even at moderate pressures, whereas the 
solation of the older gel is less drastic, and the 
rounding of the protoplasm occurs less rapidly. 

(uantitative measurements of the pressure effect 
upon the gel strength in the Amoeba have also been 
made, and these data support the conclusion that 
movement is inhibited in proportion to the weaken- 
ing of the plasmagel structure. For these expert- 
ments a special chamber was constructed in which 
the pressure could be maintained while simulta- 
neously the Amoebae were being whirled in a 
centrifuge. Under centrifugal force the heavier 
elements in the protoplasm, such as the nucleus and 
visible granules, tend to be thrown into one end of 
the cell, whereas lighter components, such as the 
contractile vacuole and fat droplets, tend to be 
buoyed into the other end (Fig. 4). Such a dis- 
placement of particles through the protoplasm can- 
not occur, however, if the gel strength is too great. 
If the gel structure is weakened by pressure, the 
rapidity of the displacement provides an index of 
the residual strength. Thus it is possible to show 
that, under pressures adequate to induce a round- 
ing of the Amoeba, the protoplasm becomes almost 
as fluid as water. 

The pressure experiments demonstrate, then, 
that a gelation of the protoplasm is essential to the 
execution of amoeboid movement, and that com- 
plete paralysis ensues when the gel structure of 
the protoplasm is destroyed. The plasmagel of the 
Amoeba, which has the form of a tube enclosing 
the plasmasol, exerts a contractile force upon the 
plasmasol, causing it to flow outward toward the 
tip of the pseudopodium where the gel strength is 
at a minimum. To sustain the movement there 
must be a cycle of sol-gel changes whereby new 
sol keeps forming posteriorly and new gel keeps 
building up anteriorly; if these reactions are de- 
ranged by pressure or other means, amoeboid 
movement cannot occur. 


Cell division. The importance of cell division 
cannot be overemphasized, since this is the only 
known method by which new cells come into being. 
Each cell of an animal or plant represents the cur- 
rent link in an uninterrupted chain of cell divisions 
which has extended back into ancient times and 
which may extend into the infinity of the future. 

Cell division is best observed in the very early 
embryo when a single large cell, the fertilized egg, 
begins to divide (Fig. 5) and continues redividing 
until the many cells of the adult body have been 
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Fig. 4. Under high pressure the gelated prot 
the cell undergoes liquefaction and loses its c 
power. These two cells (Amoebae) were whirl 
taneously in the same centrifuge, but E was compre 
8,000 Ibs./in?., whereas C was at atmospheric pr 
In C the protoplasmic gel is too stiff to allow 
placement of imbedded particles, but in EF all th 
granules (g) have been thrown into the lower part 
cell, whereas the lighter oil droplets (0) have been | 
into the upper part, leaving a clear, or hyaline, zo1 
between. Note that the nucleus (large, dark, round 
is heavy and goes to the centrifugal end, whereas t 
tractile vacuole (round clear vesicle in the oil 
much lighter. 


formed. In fact, these early cleavage divisions « 


on a very precisely timed schedule. Given the ex 


temperature and the time at which the speri 
added to a batch of unfertilized eggs one cai 
an experiment knowing precisely when each 
successive cleavage divisions will occur. 





Fig. 5. Dividing egg cell (mag. x 1,360). This 
first of the many divisions by which the numerou 
of the developing embryo are to be formed. The c! 
somes, spindle, asters, and other important structur 
be identified by comparing this photograph with 
6. (Courtesy, General Biological Supply House. ) 
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sequent to insemination, the sperm head, or 


male pronucleus, penetrates into the egg cell, mi 
eates toward the center of the egg, and finally 
a with the nucleus of the egg (female pro 
yucleus). Thus the nucleus of the fertilized egg 
js a duplex be ily, made up half and half of chromo 
«oes of maternal and paternal origin. And, since 
we chromosome perpetuates itself throughout the 


successive cell divisions in the developing embryo, 
bach of the parents has an equal potentiality in 
determining the heritable qualities of the new indi 
vidual. 

Focusing attention on the first cleavage division 
at the time when the cytoplasm of the egg cell 1s 
pinching itself into daughter halves, we find a con 
figuration such as is shown in Figures 5 and 6. 
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Fig. 6, Diagram of a dividing egg cell, showing im- 
"portant structures visible when the cell has been fixed and 
Stained. 


Already the chromosomes have divided and the 
daughter chromosomes have been moved toward 
the ends of the spindle. Also, the cleavage furrow 
has made good progress in the work of cutting 
through from the equator of egg toward the center 
of the spindle. These movements can be observed 
Hlirectly in the living egg, and an interesting prob 
lem is to find out how they are effected. 
The egg cell is definitely comparable to the 
Wimoeba in that the cytoplasm shows a similar 
differentiation into a gelated layer at the surface 
and a much more fluid solated portion occupying 
the central region of the cell. In the unfertilized 
tgg, however, the plasmagel is not very firmly set. 
At this time it is quite easy to effect a displacement 
i pigment granules which are embedded in the 
fortical gel (as well as in the deeper sol) when the 
tells are placed in a relatively weak centrifugal 
feld, such as 1,700 times gravity. But in the 
fertilized egg, especially when the time for furrow- 
Mg approaches, the strength of the cortical gel 
Bndergoes an increase that is more than tenfold. 
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Now a centrifugal field of 17,000 times gravity is not 
strong enough to budge the cortical granules (ig 
f Moreover, the gel streneth of the cortex reache 
t maximum in a bandlike region which encircle 
he equator ot the cell where the cleavage turrow 


will SOON) appear \s One observes the dividing 


egg, this gelated cleavage girdle (heavy stippling 
in Fig. 6) appears to contract, constricting the cell 
like an hourglass and finally cutting the egg into 
daughter halves. This conclusion is well substant 
ated by experiments in which dividing cells ar 
subjected to the solating effects of increased | 
static pressure, 

\ dividing egg in the pressure chamber at thi 
time when the hourglass form is well developed 
can be observed while the pressure climbs. When 
the pressure reaches 5,000 Ibs./in®. or more, the 
progress of the furrow halts abruptly (Fig. &) 
Then the furrow begins to recede, The recession 
is relatively slow at lower, but quite rapid at 
higher, pressures, and within 2-4 minutes the egg 
has reassumed its original spherical form. The 
retreat of the furrow reverses itself, however, as 
soon as the pressure is released (Fig 8). In fact, 


advance and retreat 


one can induce the furrow t 
alternately for several times by releasing the pres 
sure after each compression, Finally, however, if 
the furrow is held back for more than 15 minutes, 


it will fail to cut through when the pressure is 


released, Then no refurrowing will occur until it 
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Fig. 7. A tenfold increase in the strength of the cortical 
gel of the egg cell occurs just before cell divides. All thes 
cells were centrifuged simultaneously at the same high 
force (17,000 gravity). In the unfertilized eggs (4) 
the structure of the cortical is weak, allowing the pigment 
granules to be thrown into a black, densely packed mass 
at the heavy end-of the stretched cell and completely clear 
ing the hyaline zone. But in the fertilized egg (B) 5 min 
utes before the furrow will appear, the pigment granules 
remain fixed in the strongly gelated cortex so that (a) th 
cortex of the hyaline zone remains granular, (>) a dens« 
black pigment mass is not formed, and (c) the cell remains 
unstretched by the high centrifugal force 
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Fig. 8. The retreat of the cleavage furrow which occurs 
when a dividing egg is compressed at pressures above 5,000 
Ibs./in?. In A, at atmospheric pressure, the advancing 
furrows have cut almost completely through, so that the 
daughter cells are connected by mere strands of proto- 
plasm. Yet in B, 2 minutes after the pressure was raised to 
6,500 Ibs./in2., there was a very marked retreat, which, how- 
ever, was reversed as soon as the pressure was released (C). 
Note particularly the series ),, b. and bs, which shows the 
furrow most clearly. The fertilization membranes of these 
were removed to allow for a clearer view of the 
furrows. 


oOo 
eggs 


is time for the second cleavage, whereupon a 
double furrowing usually occurs ; thus three or four 
daughter cells are simultaneously formed from the 
single parent cell. 

At pressures below 5,000 Ibs./in®., the furrow 
does not recede, but the rate at which it cuts 
through the egg is definitely retarded. At the 4,000- 
lb. level, for example, it takes 9 minutes for the 
furrow to pass from the equator to the spindle 
center, instead of the normal atmospheric time of 
3 minutes (at 20° C). In fact, the curve obtained 
by plotting this retardation as a function of pres- 
sure fits very closely when superimposed upon a 
plot of the cortical-gel strength in relation to pres- 
sure, as measured by the pressure-centrifuge tech- 
nique at the time when cleavage is occurring (Fig. 
9). 

The simplest and most direct explanation of the 
pressure effects upon the various egg cells that 
have been studied is that cleavage results from the 
contraction of the equatorial girdle of gelated pro- 
toplasm. In the gelated state, apparently, the pro- 
toplasm possesses contractile properties lacking in 
the solated system. Therefore, the forces which 
enable the cell to change its form during both 
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cleavage and amoeboid movement are 
tally similar in nature. 

That the spindle and asters of the d 
(Fig. 6) are also gel structures whi 
ceptible to dissolution under high press 
evident from the work of Daniel Peas 
of the spindle and asters can be found ; 
which are killed and stained immediat: 
short pressures of 5 
Ibs. /in?. ; 
abolish the displacement of the daught« 
somes the center the e1 
spindle area. If the cell is not killed din 


exposure to 


this level of pressure is ad 


from toward 
the pressure is released, several new ast 
to appear in the cytoplasm, and, if on 
asters happens to come into contact 
chromosomes, a peculiar half-spindle di 
the region between the chromosomes and t 
center, The fibers of the half-spindle ly 
tached to some of the chromosomes, and 
in the presence of such half-spindles that a1 
ment of the chromosomes toward the asti 
can be observed. Experiments by Pease subst 
the view that the “traction fibers” of t] 
are gel structures which effect a displac 
the chromosomes because of their contracti 


Motility of pigment cells. In the skit 


fishes and certain other animals one finds 
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Fig. 9. Quantitative data which substantiat 
clusion that contractility is a function of the pr 
gelations. In each case the gel strength at a giv 
is expressed as a percentage of the atmospher! 
determined by the centrifugal methods. Als: 
activity at each pressure are expressed on a 
basis. 
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heavilv pigmented cells which enable the 


hange the shade and intensity of its color 


cing its own color to match the patterns © 
- rent backgrounds, the fish can shift fron 
a scene in its natural habitat without undu 
eX] re to predaceous enenues. 
re 10 shows a group of the black pigment 
cells. called melanophores, in the skin of the com 
on killiefish (Fundulus heteroclitus). Here one 
can see the mechanism of the color change. Each 
cell possesses a fixed number of branches which 
from the nucleated cell body, reaching 
widely out into the colorless area between the cells 
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If the skin is to assume a very light hue, all the 


ement is withdrawn from the branches into the 


central body of each cell, forming a number of tiny 
spots too small for the eve to discern except when 
aided by the microscope. When the fish takes on a 
very dark hue, the densely pigmented protoplasm oi 
each melanophore expands, refilling the radiating 
branches, and the whole skin area appears quite 
uniformly dark when viewed without a microscope. 

Experiments performed on intact fish have 
proved that the metabolic reactions which initiate 
expansion and contraction in the pigment cells are 
inder the dual control of the nervous and endocrine 
systems. More fundamentally, however, this ex 
pansion and contraction involves an alternate sol 
ing and gelling of the protoplasm, as is indicated 
by pressure experiments on the isolated scales of 
Fundulus. If such an isolated scale is immersed in 


a weak solution of adrenalin and placed in the 


microscope pressure chamber, all the cells are seen 
to be fully contracted, each into a very small, 
densely packed pigmented mass. 


~ 


is gradually built up, one observes a graded ex 





Sy a ah eer 


a TW 


i Fig. 10. Numerous black pigment cells (melanophores) 
Peas skin of a fish, which enable the animal to chang‘ 
r according to its surroundings. The fish assumes a 
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BM lichter ae : , 
E lighter hue when the pigment cells are contracted (Jeff), 





and darkening occurs when the melanophores expand 
(rignt), 
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As the pressure 





at™ 
: 
J 
s00¢ 7000 
NGLE MELANOPHORE;, SCALE OF FENODULUS ISOLATED IN N/IO KCI 
Fig, 11. Graded expansion of the pis ells wl 
occurs as pressure is gradually increased is eftect 


apparently, results directly from the action of pressure 
| 
i 


upon the sol-gel equilibrium of the protoplasm, which loses 
contractility in proportion to the reduction of gel strengtl 
f each pigment cell (Fig. 11). At about 


pansion ¢ 
500 Ibs. /1n 
expanded ; a full expansion is not 


. all the melanophores are about halt 
reached until thr 


\loreover, the 


degree of expansion appears to represent a true 


pressure climbs to 7.000 Ibs. /1n 


equilibrium that can be shifted back and_ fort 


When the 


pressure is raised and lowered alternately, th 


according to the pressure conditions 


same degree of expansion 1s observed for each 


specific pressure regardless of whether the pressure 
is falling from a higher or climbing from a lowe1 


level. 

Quantitative measurements of the contractility 
of the melanophore in relation to the strength of 
its gel structure are not possible: first, because the 
shape of the cells precludes a free displacement of 
the pigment granules in the centrifugal field ; and, 


second, because the strength of the melanophore 


vel system is very great—so great, indeed, that 
ultracentrifugal forces are necessary to displace 
the pigment and an ultracentrifuge pressure cham 


ber has not vet been constructed, However, quali 


1 


tative measurements of the contractility at various 


pressures give an excellent fit when compared to 
the pressure-gelation curve for other cells. For 


example, the half-expanded form is observed at 


2.500 Ibs./in?.. where the gel streneth (Fig. 9) 
amounts to 50 percent of its atmosp! eric value, 


and at 4,000 Ibs./in*., where the gel strength is 
reduced 60-70 percent, the melanophores are ex 
panded to about two thirds their full capacity 
Consequently, it seems safe to conclude that the 


movements of unicellular melanophores in fish are 
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fundamentally similar to amoeboid movement and 
to the cleavage movements of dividing cells. In each 
case contractility results from a gelation of the 
protoplasm, and, when such gelations are inhibited, 
contractility is reduced proportionately. 


ALTHOUGH just one of many protoplasmic reac- 
tions has been considered here, it is interesting to 
contemplate how all the life processes of deep-sea 
organisms must be adjusted and attuned to the 
tremendous pressures of their native environment. 
Deep-sea animals encounter not only high pres 
sures but also low temperatures—so low, indeed, 
that they approach the limit tolerable to living 
things. It must be concluded, therefore, that the 
metabolic reactions of deep-sea forms are modified 
in such a way that the living processes can still go 
on despite the unusual extremes of temperature 
and pressure, Generally speaking, temperature and 
pressure have opposite effects upon physical and 
chemical processes, and hence low temperature and 
high pressure produce additive derangements of 
the metabolic reactions, If a surface animal is sud- 
denly exposed to truly deep-sea conditions, it 





experiences a double insult to its life pr 
death becomes inevitable. In the cours: 
tion, on the other hand, natural selectio: 
ample time to effect a graded adaptatio: 
species toward a fitness to c ype with th 
environment, But the conditions of tet 
and pressure provide an effective barriet 
to prevent a free migration of species up 
down into, the abysmal depths. It 1s not s 
to note, therefore, from the samplings « 
dredging expeditions, that oceanic speci 
display a stratification such that species | 
from moderate depths are quite differ 
those brought up from deeper regions. 


Finally, summarizing the more specific res 


the experiments on the effects of pressur 
sol-gel equilibria of various cells, it has be: 
that gelation endows the protoplasm wit! 
tile properties. Thus, protoplasmic gelat 
instrumental in the execution of a variety « 
movements, including cleavage, the trans] 
of the chromosomes during cell division, 
locomotion, and certain other protoplasm! 
ments that have not been considered in thi 
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A midnight pool of endless depth 

Is stirred in transient rhythm. 

Within its warming torrents form paths 

Of cloudy, nebulous lustre. 

Tiny shimmering stars join in ceaseless flight 
Caught in a crystal forest 

Star-bound in an ocean fantasy. 
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. SOME PROBLEMS OF PLANT NUTRITION 


D. R. HOAGLAND and D. I. ARNON 


Professor dD. R. Hoa jland, of the Diz is 
and Dr. D. I. Arnon, of the Caltfornia 
Annual 


ESPITE its rather general title, this article 

will be confined to observations on the nu 

trition of higher green plants, and espe 
cially to a limited group of these plants—those of 
economic interest. Discussion of the nutrition of 
such lower forms of plant life as bacteria and fungi 
is necessarily excluded from this brief review. 

The frequently encountered contemporary lack 

' appreciation of the fundamentals of plant nu 
trition has an interesting historical corollary. De 
spite the agelong association of mankind with crops 
and forests, the crucial concepts of plant nutrition 
have been evolved very recently—a little more than 
a century ago. It was only in the early part of the 
nineteenth century that evidence was marshaled to 
demonstrate that plants are made of chemical ele 
ments from three sources—air, water, and soil 
and, what was particularly striking, that the bulk 
of plant substance, usually about 90 percent of its 
dry weight, was made up of the three elements 
carbon, oxygen, and hydrogen, derived primarily 
irom air and water, rather than from soil. The 
novel and revolutionary aspect of this concept had 
to do with the assimilation by the plant of a key 
element, carbon. It was shown that this was ac 
complished not by the traditionally known organ of 
nutrition—the roots—but by the leaves and other 
green aerial portions of the plant, under the in 
fluence of light, during a process now known as 
photosynthesis. 

The failure of some of the most gifted observers 
and keenest intellects from Aristotle down to com 
prehend the nature of photosynthesis may serve as 
an excellent illustration of the importance of the 
experimental approach, and of the dependence on 
scientific developments in other fields, to the under 
standing of nature. No amount of the most careful 
direct observation of a green leaf exposed to bright 
sunlight has yielded a clue to its activity as the 
seat of carbon assimilation. It was only after the 
discovery of oxygen by Priestley and the elucida 
tion of the nature of combustion and of the chem 
ical composition of water and carbonic acid by 
Lavoisier, in the latter half of the eighteenth cen 
tury, that the way was cleared for the understand 
ng of photosynthesis. For this we are indebted to 
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such men as Ingenhousz, Senebier, and LD 
Saussure. 

In the process of photosynthesis the green plant 
“captures” a portion of the solar energy and, by 
synthesizing an almost infinite variety of organic 
carbon compounds, transforms the captured solar 
radiation into forms of energy usable by man. The 
green plant is the chief agent in keeping our energy 
supply from running down in the cycle of lite 
From the photosynthetic activities of the plant, as 
they go on now or as they have occurred in past 
geologic ages, we derive our supply of energy in 
coal, oil, or currently harvested plant products. By 
its marvelous synthetic chemical processes the plant 
yields the complex compounds upon which we de 
pend for our sources of food or other raw materials : 
for the proteins or their “building blocks,” the amino 
acids, which the animal cannot synthesize (in mak 
ing these the plant also uses a simple source of 
nitrogen ) ; for the sugars and other carbohydrates ; 
for the fatty substances; for vitamins; and for 
other organic compounds essential to the nutrition 
of the animal. The green plant may indeed be r 
garded as the supreme chemist presiding over an 
ever-continuing array of organic syntheses of al 
most infinite variety and complexity. 

The unique role of the green plant has been un 
challenged in the past. In recent years, however, 
the developments in organic chemistry and nuclear 
physics have occasionally given rise to speculations 
as to whether this unique position of the green 
plant will remain without challenge in the future 
Nuclear as the alternative 


source for industrial energy, and artificial chemical 


fission is suggested 
synthesis of food as a substitute for natural plant 
foods. Quite apart from the fact that neither of 
these contingencies has yet materialized, it is well 
to keep certain other considerations in mind. 
The source of solar energy used by the plant in 
photosynthesis is atomic transformation in the sun, 
and in this sense the green plant is already serving 
as the agent that transforms nuclear energy into 
forms useful and usable by man. The direct. utili 
zation of nuclear fission as a source of industrial 
energy is still beset by many technical, soc iological, 
and political problems. Assuming that they wall all 
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be solved in a manner compatible with the promo 
tion of human welfare, the eventual integration of 
atomic energy as a source of industrial power into 
the fabric of modern society appears less revolu- 
tionary in consequence than the substitution of syn- 
thetic for natural foods. It is true that in recent 
years several dietary essentials, notably vitamins, 
have been synthesized by the chemist and are in- 
deed dispensed, often at a cost which compares 
favorably with that of the natural product. The 
substances from which they are synthesized, how- 
ever, are derived from products originally made by 
the plant in its reduction of carbon dioxide from 
the air. More important, the vitamins are but a 
few of the essential food accessories in nutrition, 
and they are required in rather small amounts. 
When one contemplates the magnitude of the 
world’s requirements for carbohydrates, fats, and 
proteins, and the almost infinite variety of natural 
which man and other have 
learned in their evolutionary development to de- 
pend and which they cherish, the size of the under- 
taking becomes discernible. The chemist would be 
hard put to it if he had to synthesize the food for 
the world’s population from water, carbon dioxide, 
and a few inorganic salts, as the plant does. 

There is another aspect of this discussion that 
deserves mention. In contemplating the possibilities 
of synthetic food production, insufficient considera- 
tion is often given to the psychological and 
aesthetic consequences of such further mechaniza- 
tion of life. It would indeed be a bleak world in 
which our fields and forests would have to give 
way to huge industrial establishments, however at- 
tractively laid out, to produce the food and timber 
for human needs. The sustained effort being di- 
rected to the study of the mechanism of photosyn- 
thesis has not, to our knowledge, among its ob- 
jectives the displacement of the green plant as the 
chief converter of solar energy into forms stored 


foods on animals 


in organic carbon compounds. 

Although life and civilization depend in ulti- 
mate analysis upon the photosynthetic activity of 
plants, popular discussions almost always stress 
the requirement of plants for certain mineral ele- 
ments derived from the soil. This is so because 
often we are able to modify the soil medium in 
which the plant grows, by fertilization or soil man- 
agement, so that the yield of the crop will be aug- 
mented through an increased supply of mineral 
elements for the plant; therefore, it has become 
common to refer to these mineral elements as 
“plant foods.” In reality, the food of plants is the 
same as that of the animal—carbohydrates, pro- 
teins, fats, etc. The difference between plants and 
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animals in this regard is simply that the 
thesizes its own food as well as that u 
mals. The inorganic salts absolutely « 
plant growth serve, in part, as constitu 
organic substances synthesized, and in | 
alyzers of the chemical reactions invol\ 
as essential components of the physica 
system within the plant which must be } 
to provide the internal environment ess 





the continued operation of the processes 
and synthesis. 

From the point of view of biologic 
the most fascinating task in plant nut 
the research worker in this field is to k 
of the chemical means used by the plant 
out the enormous variety of chemical 
accompanying the growth of the plant 
words, the study of plant biochemistry 
the authors has written elsewhere a gern 
cussion of the needs and opportunities 
search in plant biochemistry, and merely rep: 
his observations upon one aspect of this questio: 
namely, that although the basic process of phot 
synthesis is attracting the attention of a few distii 
guished chemists or physicists, and although sor 


notable contributions to knowledge of other plan 
processes have already been made by biochemist 
nevertheless, on the whole, the extent of resear 
and progress in the fundamental biochemistry 
higher plants has not been impressive in compar 
son with the brilliant achievements of those | 
chemists who have addressed their efforts mainly Fj 
to research on animal biochemistry, or sometiny ’ 
to that of lower plant forms. Although it seems 1 
be appropriate to emphasize this point of view t tot 
give a balanced estimate of the pr‘ yblems of 4 tha 
nutrition, it is true that at present, to a large « st; 
tent, plant nutrition (especially of economic plants So 
is studied in terms of the inorganic require! in 
of plants, the aspect that has been of most th 
mediate service to those who deal with the p1 to 
lems of agriculture. th 
The general significance of this researc 
rants a comment. At the time of the founding nt 
this country, most of the working population war PJct 
engaged in agriculture; now, according to s sc 
estimates, perhaps less than 20 percent of the pop al 
lation is employed in the direct production oi | o) 
The immense economic significance of this develo n 
ment and its relation to the growth of mode ci 
technology will be readily apparent without « St 
tended analysis, although the differentiation | ba 
tween cause and effect would present the difficu't g 
common to all such complex economic questions F ga 
This revolutionary change in proportiot 7 
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total labor force devoted to agricultural production 
jhas of course involved many sciences, but under 
istanding of plant nutrition in a broad sense, which 
includes study of the soil, has a prominent position 


min this development. As a specific illustration, we 
think of the use of artificial fertilizers in relation 
to plant nutrition and soil chemistry, with all that 
this implies in terms of increased yield of crops. 
Another general comment on the study of plant 
nutrition has been frequently stressed in other dis 
cussions by Hoagland and Arnon. Many, even 
scientific workers in the field, however, do not 
always recognize this obvious point. The nutrition 
of the green plant (referring now to plants 
mormally grown in soil) involves perhaps the most 
complex system studied in any branch of biological 
pscience. It is really an attempt to appraise the inter- 
gactions of three complex systems: the plant or 
sganism with all the complexities characteristic of 
any living organism, together with some attributes 
peculiar to photosynthetic organisms; the soil 
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Showing effect of deficiencies 
In nutrient solution on growtl at 
the lettuce plant: N. lack of m 
trogen; A, lack of potassiun 
P, lack ot phosphorus; 7 


full nutrient solution. 


leat from lettuce plant grown 
in full nutrient soluti 


from plant supplied all essential 


] 
] 


m (lest 


inorganic elements « xcept borot 


(right 
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system, involving questions re lated to FeCOLOLV, 
mineralogy, the properties of colloids, and_ the 
erowth and effects on the soil of micro- or macro 
organisms ; and, finally, and frequently of decisive 
importance for plant growth, the aerial conditions 

light intensity and quality, temperature, carbon 
dioxide concentration in the atmosphere, wind 
movements, and humidity. Presiding over th 
whole system of soil-plant-atmosphere is water in 
its various forms 

To disentangle the interactions of the several 
systems is a challenge to any research worker. In 
deed, the difficulties are so great that often the 
most gifted workers are likely to avoid this field 
of study in favor of fields where the exactness of 
knowledge and the possibilities of control are 
greater. But .at this period in the world’s history 
no special pleading is needed to make a case for 
any science that may aid in the production of more 
and better nutrition for all the human inhabitant 


of the earth 
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Historical background of plant nutrition. As al- 
ready pointed out, the scientific basis of plant nu- 
trition, as we know it at present, was long shrouded 
in obscurity. That is not to say that even the an- 
cient civilizations did not take advantage of a few 
ideas of plant nutrition learned empirically in the 
exercise of the agricultural art; for example, the 
frequently observed beneficial influence on the soil’s 
productivity of the growth of leguminous plants, 
the often favorable influence of animal manures or 
of plant ashes on crop growth, and the like. 

Before we learned that the plant derives its car- 
bonaceous compounds from photosynthetic proces- 
ses, there were for many centuries wholly er- 
roneous or semimystical views of plant nutrition 
held by those who thought about the matter at all. 
One ancient idea, which indeed persisted until per- 
haps a little more than a century ago, was that 
plants absorbed their foods partly preformed from 
the juices of the soil. There was also the era in 
which natural philosophers interested in plants 
sought as a primary objective for some so-called 
“principle of vegetation.” 

Van Helmont (1577-1644) performed a famous 
experiment—and it was for its time a noteworthy 
one—which led him to the false conclusion that 
the principle of vegetation was water; in other 
words, that the substance of plants was made from 
This conclusion, however, was 
doubted by another investigator, Woodward, as 
early as 1699, when he grew certain plants in river 
or conduit water, in comparison with water to 
which garden mold had been added. His work led 
him to believe that plants require certain “terrestial 
matter” for their growth, and that water alone was 
not the “principle of vegetation.” 

This experiment was an early precursor, in a 
very crude form, of modern investigations which 
have had as their objective the determination of 
the inorganic requirements of plants that are ab- 
solutely indispensable to their growth, as well as 
an explanation of the process of photosynthesis. 
About 1860 the plant physiologists Sachs and 
Knop_ elaborated the water-culture 
method by which plants are grown with their roots, 
not in soil, but in a solution of nutrient salts. This 
became one of the chief methods by which the in- 
organic needs of the plant were learned. It is still 
among the most important tools of the student of 
scientific plant nutrition. 

It will be recalled that through an injudicious 
flare of publicity, many people first became aware 
some years ago that plants of economic interest 
could be grown without soil, and were led to the 
belief that perhaps an artificial method of plant 


water alone. 


S¢ -called 
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culture, long known to the plant physi 
tool of research, could be employed, 
development, to supplant commercial! 
nary agricultural methods of growing 
that it might be of great aid in increas 
supply of the world. 

Left out of adequate consideration 
tions of economic cost and difficulties 
in growing plants commercially in this 
many of those who were most enthusi 
the possibilities of this development ha 
no basic knowledge of plant nutrition 
that artificial culture methods have be 
some extent in growing certain high-pri 
especially in greenhouses. Artificial cultur: 
ods (gravel culture, usually, rather than \ 
ture) have also been tried in a few places 
doors, such as on coral islands, where no g 
is at hand, especially as a result of war or 
tion conditions, in which the competitive eco 
factors are not operative. But a widespread | 


lar misconception of this subject went occasio: 
to fantastic extremes and betrayed a lack oj 
elementary knowledge of plant nutrition. 
After the general concept of photosynthes 
established in the last century, investigators 


to a systematic search for the inorganic eleme: 


required for plant growth, principally by 
method of controlled artificial culture, as alr 
indicated. In the earlier stages of these 
gations, however, the control of the nutrient s 


} + 
Ves 


tions was limited. The nutrient salts used contai: 


impurities, and there were also other source 
contamination. Thus the experiments seem 
show that, as a general mineral requirement | 

growth of the higher plants studied, only s 
elements provided by the nutrient mediu 

needed by plants in addition to carbon, hyd: 
and oxygen derived from air and water. As 


now know, impurities in nutrient salts or fi 
other sources supplied the additional needed | 


ments. The seven inorganic elements consid 


indispensable were nitrogen, phosphorus, sulp! 


calcium, magnesium, potassium, and iron 
ent in the nutrient medium, of course, in th 


of their salts. It seemed, therefore, for a long ti 


] 


that in total the plant required only ten che 
elements as indispensable: the seven inorganic 


ments provided by the culture medium as sats 


and carbon from carbon dioxide, with 
and oxygen from water. Our 
knowledge that plants also require minute 
of certain other chemical elements is a ¢ 
tively recent development of great scientifi 
and practical use. 
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I be interesting to introduce this aspect of 
‘nt nutrition in terms of a few personal experi 
wei which the authors have participated, al 
wel the first indication that the plant required 
nyte amounts of chemical elements not included 


so-called classical list was obtained long I« 


t 
, 
i 
m! 
in 


fore they began their work in this field. One of the 


@riters had been engaged about a quarter of a 
fentury ago in studying plants growing in culture 
golutions in connection with a project that had as 
its purpose an attempt to evaluate the characteris 
fics of the supposed nutrient solution of soils, the 
Sil solution. Utilizing an artificial solution in 
fended to have a resemblance to the soil solutions 
of a group of soils under study, marked success 
was had in growing barley and a few other species 
§ plants in the artificial solution. It was then de 
Gded to use this solution for growing bean plant 
These plants failed to grow after a short time, 
however, and the cause was not evident from any 
jpformation generally available at that time. 
About this time, the writer in charge of these 
experiments made a trip to Europe, and at the 
famous Rothamsted Experimental Station, near 
London, he was shown some experiments in which 
proad-bean plants were growing in different nu- 
frient solutions, of the same composition except 
that certain solutions contained a minute amount 
of boron in addition to the other nutrient ele 
ments then considered to constitute a complete nu- 
fient solution. The failure of the plants without 
Boron and their good growth with boron was 
Grikingly apparent. The technician in charge in 
California was instructed by letter to try to grow 
bean plants in the California nutrient solution in 
Which the bean plants had previously failed, but 
With addition of a minute amount of boron. The 
Bean plants then grew well. As we are now aware, 
boron is apparently required by all species of 
higher plants. The bean plants merely had a larger 
quirement than barley and some other species 
@ plants. 
} Passing over a long period of time, the labora- 
fry with which the authors are associated had oc 
sion to cooperate in the early thirties with W. H. 
handler, professor of pomology, on a study of a 
rious disease of deciduous fruit trees, often called 
mittle leaf.” Partly owing to accidental circum 
ances of an experiment, it was discovered that this 
retofore highly obscure disease was in fact caused 
‘a zine deficiency and later, along with other in- 
stigators, it was discovered that a related disease, 
@ great economic importance, the “mottle-leaf” of 
(rus, was also a zinc-deficiency disease. Fre- 
tently these diseases can be cured or prevented by 
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applications of 


zine or its compounds in the torm 
ot spravs or by other means. These treatments art 


now common practice in the orchards that show 


this deficiency, and 1f one wished to speak in term 


of the financial value of the commercial applicatior 
of this discovery, it might represent a very large 
sum. Zine deficiencies were also independently and 


1 
| 
i 


simultaneously observed by workers in other 


certall 


areas, field crops may also be affected by zine de 


cations and on other species of trees. In 


ficiency. Indeed, there are agricultural regions 


] 


several parts of the world in wl 


lich, in some soils, 
various crops respond to zine treatment, although 
ordinarily the zine deficiency is of dominant. 11 
terest in the culture of fruit trees. 

Before the essentiality of boron and zine was 
established, several investigators had secured evi 
dence that manganese was an essential element fo1 
evidence that 


al ele 


also Ct msiderable 


added to the list of 


plants; there is 


copper must be essentl 
nents. 

A much more recent development was the dis 
covery by Arnon and his colleagues, P, R. Stout 
and others, that certain higher plants, if not all 
when grown in nutrient solutions, also need the 
element molybdenum for their growth. This view 
was confirmed by Australian workers and, ver 
recently, also by English and Dutch investigators 
The Australian workers have also found that 1 
some of their soils certain species of crops respond 
remarkably to very small applications of molybd 
num to the soil. 

The practical agricultural significance of invest! 
needed by 


crops in minute amounts, sometimes called the 


gations with the inorganic elements 


micronutrient elements, is of a great import in 
terms of increased production of crops in deficient 
soils, even though deficiencies are present only un 
der special soil conditions and not to be expected 


soils. A full 
this 


in all, or even in most, discussion 


would far exceed the limits of article, and 
recently Walter Stiles has published an excellent 
monograph treatment of the whole subject (Trac 
Elements in Plants and Animals. New York: Mac 
millan, 1946). 

There is, however, another general aspect of 
the development of research on the micronutrient 
elements, now of so much practical agricultural 
interest, which deserves recognition in this journal 
That is that, correlated to the subsequent practical 
applications, there existed a foundation of know] 
edge in this field in the research of several inves 
tigators who seemed at the time to be doing work 
of a wholly academic nature. Among these inves 
late C. B 


tigators were A. L. Sommer and _ the 





Tomato plant (right) grown in purified nutrient solu- 
tion, without copper; plant grown in same solution, but 
sprayed with very dilute solution containing copper (/eft). 


Lipman, at one time working in the authors’ di- 
vision of the College of Agriculture. Intensive and 
laborious research by these investigators determined 
the need by plants for certain of the micronutrient 
elements—in work which demanded the utmost re- 
finement of plant-culture technique. Special purifi- 
cation of nutrient salts, particular care in the prepar- 
ation of water by distillation, and avoidance of other 
contaminations were all essential to the purpose of 
the investigation. It was necessary to show that the 
plant under study could not complete its life cycle 
without the element in question, that the element 
was directly required for the nutrition of the plant, 
and that no other chemical element could be sub- 
stituted for it. Truly this was an exacting task. 
Some of the discoveries that have led to the ag- 
ricultural applications of the micronutrient  ele- 
ments have had an element of the fortuitous, but 
progress even in the practical field would not have 
been so rapid or so assured without the preceding 
or accompanying basic, or so-called academic, re- 
search. Of course this is only the usual course of 
science and technology, but it seems appropriate to 
call attention to this further illustration in the bio- 


logical field of science. 


Interrelations between plant and animal nu- 
trition. There is a phase of research on the micro- 
nutrient elements, as well as on elements absorbed 
by the plant in larger amounts, which has an appli- 
cation broader than that of plant nutrition as such. 
We are referring to the use of the plant as food 
for humans and animals. The seed and fruit of a 
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plant are generally not subject to larg 
in their composition by changes in the 1 
vironment, but the vegetative portions 

may be considerably modified, depend 
nutrient medium and its ability to sup 
elements to the plant. Hence, there may 


arise in deficient soils a deficiency 


mineral elements for the food of tl 

especially for grazing animals, such as de} 
calcium, phosphate, iron, copper, 1 

iodine, and in a few cases even cobalt, ; 

is not proved that the latter element is « 

the welfare of the plant itself. 

There are special regions in which thes 
cies become of economic importance in t! 
of some animals. Because of the variety 
from many sources usually consumed, 
nificance for human nutrition is less 


nevertheless, it has been a subject for considerat; 


Indeed, the whole question has aroused sufficiey 


interest to lead the Federal Department of 
culture to establish a special laboratory at ( 


University for the investigation of the interrel 


\ 


Agt 


tions of soil, plant nutrition, and animal nutrit 
And recently there has appeared an announce: 


that a large grant has been made to Jol 
kins University for the study of “trace” 
to use another term for what we have « 
micronutrient elements. 

These interrelations are not limited 
mineral elements derived from the soil, ai 
has been some discussion of the possibilit 
environmental conditions, including the 
nutrition of the crop plant, may modify 
of organic substances important in 
humans or animals. Some of the vita 
cially, have received attention in this regar 
plify the general point already made, 
far as food plants are concerned, there ts 1 
ent evidence that the vitamin content ot 
is mainly influenced by its mineral nutri 
the contrary, much of the existing data su 
view that the vitamin content of a plant 
C, particularly, has been investigated ) deper 
marily on its heredity—that is, the inher 
and variety characteristics—and on tl 
conditions under which the plant is gr 
than on its mineral nutrition. 

This is not at all to say that our pres 
edge of this aspect of plant nutrition 
but to suggest caution if the claim is 
example, that the most nutritious food « 
duced only when organic fertilizers at 
stead of the artificial fertilizers so con 
ployed. This is a field of discussion in 
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omato plant (/eft) grown in full nutrient solution 
plant grown in same solution without at 


easy to make broad generalizations without ad 
quate scientific evidence. To obtain really convine 
evidence 1s most difficult. The questions 11 


the 


volved are the most complex of all, since 
relate to the system soil-plant-atmosphere and ant 
mal. As stated earlier in this article, the green 
plant is predominantly a synthetic organism, mak 

g its own food and that used by animals, or, 11 


re technical terms, such plants are autotrophic 


ature of the process by which plants absorl 
rganic nutrients. One of the scientific questions 


]- 


for understanding plant 


of outstanding interest 
nutrition concerns the nature of the processes by 


which plants take up from the soil or other nu 
trient media the inorganic elements they require 
lor growth, or other elements present in the me 


j 


dium and absorbed by the plant but not indispen 


sable to it. Parenthetically, it may be said that the 


plant does not absorb only those elements indis 
pensable to its own growth, but may take up other 
chemical elements present in the medium, even per 
haps when they are toxic to the plant itself. 

_ The older concept often was that plants absorbed 
Hnorganic elements along with water, in something 
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trom nutrient 
heer 
out, including 
which develop 
clirect observation 


(Th 


Specie S Of 


1 | 
mainly solution 


latter 


vacuole 1 


solution (1 
pond water) 1n these plants grow by a lave 
of living protoplasm and a cell wall. Becauss 


large size of thes pial 


observations are possible on 
internal medium of the vacuolar sap 
1 


are made up of ce 
observations cannot be 
believe that an analogy 
has validity 

The amount of research given to th 


Salt absorptiot has been oTCAal, 











Radioautograph of tomatoes from plant given minute 
amount of radioactive zinc, showing the location in the 


tissues of the radioactive element. 


few words can be said here in summary of one of 
the general conclusions of many experiments. It 
does not seem that the normal living plant acts 
through its root system merely like a passive wick. 
On the contrary, the roots can absorb mineral 
elements in an active sense, in that they may move 
the salts from a nutrient solution (which may be 
dilute) into the other internal 
aqueous phases of the living cells, not alone by a 


ver) vacuole or 
process of diffusion proceeding from a region of 
high concentration to one of lower, but also by 
processes in which the living cells have the re- 
markable ability to move the inorganic elements 
(at any rate, some of them) by 
an “uphill” process, against concentration gradi- 


what may be called 


ents. This necessarily means that in so doing the 
plant must expend metabolic energy, and_ this 
energy must be derived from the energy of cell- 
ular respiration. There is much to indicate that 
this view is correct. 

The practical agricultural interest of this re- 
search inheres in giving another scientific founda- 
tion for the practical observation that most agri- 
cultural plants thrive only when their nutrient 
medium is well aerated. For this, among other 
reasons, the porosity and physical status of the 
soil are of great importance as essential deter- 
minants of the properties of a medium in which a 
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plant will thrive. To be sure, there ar 
few species, like the rice plant, that ma 
in submerged soils, not well aerated. T] 
part derive from anaerobic fer 
processes or they may not be internall 


there 


energy 
root because 
system of internal aeration in the 
transported the shoot 
course it 1s produced in the process of pl 
sis—to the root. 


in their systems, 


oxygen from 


There are other consequences of the 
plants have the power of active abs: 
solutes, requiring a source of metab 
It contributes to our scientific analysis « 
dependence of the top of the plant, wh 
ganic metabolites are manufactured, and t 
ties of its roots. For the agriculturist 
clarify further why it is important, in w 
ing the so-called availability of minera 
elements in the soil (or added as fertil 
consider that this is not merely a quest 
chemistry, but also of those conditions, pat 
climatic conditions, governing the synt! 
ranslocation of organic compounds such as 
amino acids, and growth substances fron 
thetic parts of the plant to the roots. 7 
serve for those metabolic activities associ 
the processes of growth and salt absorpt 
plant. The growth processes in the root als 
an extension of contacts of root and soi 
of great importance to the absorption « 
elements by the plant. 


The use of isotopes in research on 
tion. The reader, even if he has only a slig! 
edge of plant nutrition, may be incline 
‘But is there not something newer and 
the scientific field of plant nutrition?” Chi 
cally, this question can be answered in th 
tive, even though the general aspect of p! 
trition in mind can scarcely be unknown at t 
to anyone interested in scientific developn 
and some pioneer experiments were mac 
with naturally radioactive elements. 

We refer, of course, to the recently enlat 
sibility of studying certain of the plant’s 
or physical processes with the aid of 
radioactive isotopes or, occasionally, w! 
isotopes. A new tool is provided to stu 
nutrition and plant physiology, as well 
nutrition 
artificial radioactive isotopes are concer! 
stimulated by the cyclotron production 
tity of artificial radioactive isotopes 
types to permit their use in biological 


and physiology. This tool, as 
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recently, and to a far greater extent of 
applicability, as a by-product of devel 
associated with the making of the atomic 
ictive elements have the same chemical 
s that their nonradioactive counterparts 
the radioactive isotope can act with the 
legree of sensitivity as a “tag,” or tracer, 
The purpose of 


in of the radioactive tracer element 1s served 


plant or animal organism. 


fact that the radioactive atoms emit radia 
ith energies ranging from one-tenth to sey 
illion electron volts. Instruments of the type 
Geiger-Muller counter can be used to detect 

s radiation. The ultimate sensitivity of detection 

the total amount of a radioactively tagged ele 
is directly proportional to the ratio of radio 

e to nonradioactive isotopes in a given sample. 
Some of the radioactive tracer elements used may 
same elements utilized normally by 


represent the 
he plant in nonradioactive form, such as 


} 


phorus and potassium. Thus the reactions of these 


phos 


elements as they would occur normally in the plant 
can be traced. 

Not only may the movement of an element be 
traced by such means, without in some experiments 
destroying the plant, but also it is a property of 
I 


radioactive substances, through their emission ¢ 
positrons, beta particles, and gamma rays to acti 
vate suitable photographic plates. In this way, in 
tact leaves or sections of plant tissues containing 
radioactive substances can make their own 
tures, called radiographs, which help to explain 
he way in which the element moves in the plant 
r is accumulated by it. This method has not yet 


been used for precise quantitative work, but it is 


pic- 


most enlightening for certain types of experiments. 
P. R. Stout prepared what were apparently some of 
the earliest radiographs of plants in this manner. 
As illustrations of the kind of information made 
available by the use of radioactive isotopes, there 
may be cited experiments to determine the rate 
at which inorganic nutrients accumulate in tissues 
of varying metabolic activity, and the tissues 
through which they are transported upward or 
downward. An application to a problem of direct 
agricultural interest is the study of the fixation b) 
the soil of certain mineral nutrient elements, such, 
ior example, as phosphorus, and the location in the 
soll of the parts of the root system utilized in 
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removing from the soil a fertilizer element that 


usefulness of the 


technique for this purpose could not be fully appre 


has been applied to the soil. The 


hended without a discussion of reactions of si 
colloids and fertilizers and the fixation of chemi 
elements by the soil outside the scope ol this a 
ticle, but the practical significance is obvious 


There are some elements of great importan 


in research in plant nutrition or in biological re 
search as a whole which have not been prepare 
sufficient 


long half-life to make feasible their tracing in b‘ 


in the form of radioactive isotopes ot 
chemical or physiological processes in the plant for 
a suitably long period of time, before the radi 
activity has decayed. Nitrogen is a particularly im 
portant example. There is the possibility, how 
ever, of utilizing in some such cases, compounds 
tagged, their 


taining a higher-than-normal percentage of a rare, 


not by radioactivity, but by « 


stable, heavy isotope of the element in question. To 
determine that a compound has been enriched wit! 
the stable isotope it is necessary to employ a mass 
spectrometer: work is being inaugurated on certat 
problems of plant biochemistry in the laboratory ot 
the authors at the present time. This method has 
already had an important role in researches of vari 
ous other laboratories. Notable investigations ar 
being made 1n animal metabolism by the group for 
merly the late Dr. 
Columbia University. 


headed _ by Schoenheimer. at 


In considering these remarks, the general reade1 
should bear in mind that the use of isotopes, radio 
active or stable, in biological investigations does 
not mean that a sort of magic has been introduced 
that will automatically result in the solution of 
heretofore insoluble problems, The isotopes simply 
tool of 


most effectively employed in the light of funda 


form a new unique properties, which ts 


mental othe 


knowledge already developed by 
means and with the concurrent aid of other tech 


The 


potentialities for use of the new tool are of extrem 


niques applicable to the problem in’ hand 


value for certain research, sometimes enabling 
information to be gained that without the 1sotop 
technique would remain inaccessible. But thei 


introduction should perhaps be appraised with a 


more balanced judgment than occasionally may 


be formed from reading popular accounts put 


porting to make clear the revolutionary effects or 


biology of the discov r\ of artificial radioactivits 





EXPERIMENTALLY INDUCED ABNORMAL BEHAV!Op 


NORMAN R. F. MAIER 


Professor Mater, of the Department of Psychology, University of Michigan, was thi 
recipient of the Annual Thousand Dollar AAAS Prize in 1938 


OST of what we know about abnormal © studies of abnormal behavior was acq 
behavior has been learned from the study = ability to produce abnormal sympto 
of mental patients and the way they re- laboratory conditions. 

spond to various forms of therapy. There are, When our work was begun, success 
however, a number of problems concerning the been achieved in this field. By the use 
nature of the abnormal that can only be solved by — ditioning method, Pavlov produced what 
experimental procedures with animals. One of an “experimental neurosis” in the dog 


these is to determine whether neurosis is a disease laboratory at Cornell followed this lin: 
peculiar to man. This raises the question of and Liddell used sheep and pigs as well 
whether man is so subject to the disease because — his research. At Johns Hopkins Universit 
of his superior mentality or whether the disease established a laboratory to continue tl 
is primarily the product of man’s way of living. It research initiated ly Pavlov. These studi 
has been said that it takes imagination and intelli- showed that stressful and conflictual 
gence of a high order to experience conflicts and caused basic behavior disruptions. The d 
that personality disorders require a complex per- was apparent from the facts that trainis 
sonality structure. Obviously, the ability to produce = crimination problems was lost, the anin 
true neurosis in animals will make it possible to emotionally unstable (struggled and bit at 1 
answer this question. ing harnesses), and, in general, the do 
The second problem concerns the relation of the | became most uncooperative. Many sympt 
to those observed in human patients (su 


symptom to the cause of the symptom. Has nature 
turbances in heart rate, and peculiar fear: 


supplied man with protective mechanisms—proc- 
esses whereby the organism develops certain seen, but their appearance was difficult t 


unusual responses that serve to prevent a worse from reactions of normal individuals. At 


condition? Thus, if a patient develops hysterical 
blindness, is this symptom a means for protecting 
the patient from seeing something in his environ- 
ment that causes his anxiety and conflict? Further, a “true” neurosis. 
as not sufficiently profound to be convin 
some psychiatrists argued that neurosis 11 


that our work with rats was begun at tl 
sity of Michigan, there was some doul 
whether the changes produced in the ani 
The symptoms were reg 
does a psychosis represent a patient’s escape from 
reality and hence serve as a solution when reality 
is too stressful? If one deals only with studies of 
case histories, one can find support for this thesis, 
because the many events in a case history permit 
one to find a logical connection between the symp- 


man animals was impossible because animals | 
man lacked sufficient imagination, they « 
have sex conflicts, or they did not undergo 
manent personality changes. Even thoug! 


tom and some problem in the patient’s life. Further, these criticisms seem to depend upon sp 


when a child has enuresis, should one seek in this definitions of neurosis, which exclude th 


behavior some reason, or some way in which he — from lower animals by defining it as a hu: 
thereby solves a problem? Could bed-wetting give ease, it seemed at the time that part of th: 
him attention he desires? Could it be a way of to accept neurosis in animals was based uj 
striking back at strict parents? Only when we _ facts that the behavior disturbances obser\ 
control the life histories of individuals and pur- not profound enough and that the beha 
posely produce symptoms can the relationship be- produced by a specialized aspect of the cond 
tween a symptom and its cause be studied. method. 

Animal studies permit one to secure the neces- 
sary case-history data for such investigation, but in Ir 1s probable that the attention our 
order to use lower animals one must be able to ceived in 1938 was influenced by the fact 
disturbance produced in the rat was « 


produce behavior disorders comparable to those 
violent and left no doubt about its being al 


found in man, Thus, one of the first steps in animal 
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mal behavior was in the form of a seizure 
the rat ran madly in a circular pattern. 


JR 





helter was not sought and the animal 





into table legs and walls. The running 





quently was followed by a convulsion 





which was similar to that produced by 





- since then we have actually found that the 





ilsions produced by metrazol have a good deal 





} common with those produced in the training 





Situation. After the active part of the seizure had 





passed (one or more minutes), the rat became ve r\ 





assive and its righting reflexes were either absent 


or greatly depressed. During this period the am 






mal could be mo!ded into almost any position, where 





it would remain for several minutes—sometimes as 





¢ as twenty minutes (Fig. 2). 
The situation for producing this behavior was 






built around our interpretation of the conditioning 





Studies. It seemed that behavior disturbances in 
fhe earlier studies arose when an animal was 
Gained to give a certain response to a signal and 
fo withold the response when a different signal was 





gven. When these signals were made more and 
more alike, the animal had difficulty in determining 






whether to express or withold the response. By 
the presentation of a signal that was as much like 






the withholding signal as the arousal signal, the 
guimal was stimulated to express and withhold the 






fesponse at the same time. ‘This was a conflict 





between doing and not doing which we regarded 





a a basic conflict. 
To incorporate this condition in our experiment, 
We trained rats to discriminate between the two 


























Fig. 1. This rat is in the last stages of a convulsive 
Mizure. Previous to the convulsion, it leaped from the 
ascrimination apparatus and ran wildly about the floor 
a circular pattern. It then fell on its side with all legs 
ne \t the time picture was taken the rat was beating 
a floor with its forelegs and whipping the floor with its 
il. 
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tw 


ing was so violent that the nails of the 
e torn. It was not a typical fear pattern, 





Fig. 2. Rat in the passive state. When placed in an 


iwkward position, as shown in the photograph, it r 
nains so without showing its normal righting responses 
[he passive state is more profound and of g-eater lengt! 
when a convulsion follows the running stage 

cards in the apparatus shown in Figure 3. The rat 
was trained to jump to the cards, and when it 
chose the correct card (the one with a white circle ) 
this card yielded to the jump and gave the rat 
access to food. When the rat jumped to the wrong 
card (the one with the black circle), this card re 
mained in place and the animal received a bump on 
the nose and fell into a protective net below. Unde 


these condivons animals soon learn always to 


choose the reward card and to avoid the punish 
ment card. After the discrimination is well learned 
the situation is changed so that only one of the 
cards 1s presented (Fig. 4). If this card happens 
to be the punishment card, the animal, as may bé 
expected, refuses to jump. In order to cause the 
animal to jump to the purishment card, it is neces 
sary to drive him. This is done by using a jet of 
air and directing it on the rat. When released, the 
air makes a hissing noise and is irritating to the 
rat; consequently the resistance to jumping is 
broken. The condition of driving the rat to make a 
response to a card it has been trained to avoid was 
considered a conflict between doing and not doing, 
and it was the condition under which the violent 
seizures most frequently were produced. 

These experiments raised two interesting ques 
tions: Was the seizure produced by the conflict, o1 
by the sound of the air? Is the seizure akin to an 
epileptic attack and, therefore, an abnormality 
other than a neurosis? The implication of the sec 
ond question is that the symptoms observed are too 
profound to be considered a neurosis. 

experimental studies concerning these and other 
points have beer numerous. Our laboratory alone 
has contributed more than 25 studies, and a total 
of perhaps 150 studies have been published on 
some aspects of the rat’s abnormal behavior. The 
studies include the effects of diet, drugs, heredity, 
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Fig. 3. Photograph of rat on the jumping platform con 
fronted with discrimination cards. The platform behind 
the large screen is the feeding station which the rat 
reaches if it strikes the unlocked card. The net near the 
bottom of the picture catches the rat when it jumps 
against the punishment card, which is locked in place. 
Toward the back of the jumping platform, air is led 
through a hose, and a small nozzle (not visible) directs 
the air against the back of the animal. Close scrutiny will 
reveal the ruffled hair caused by the air. 
emotionality, and brain injury on seizure suscepti- 
bility, as well as studies directed toward determin- 
ing the nature of the abnormality. 

At the present time it seems quite clear that the 
hasic condition for producing the disturbance is 
conflict. The same auditory conditions, with and 
without the element of conflict, produce different 
results. The delay in settling this issue was due to 
the fact that auditory stimuli, such as the hiss of 
air, the sound of buzzers and bells, the jingling of 
keys, supersonic tones, and pure tones of low pitch 
all produce seizures in some animais. To explain 
these seizures it was necessary to show that these 
conditions also produce conflict. Certain sounds 
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are irritants and arouse generalized 
havior. However, when the animal is « 
driven to escape, but at the same time 
blocked. Thus the animal is trapped i: 
which demands responses and yet in 
responses, It has been shown by Dr. 
Cornell University, that seizures di 
when the sound source is fastened to 
Under these conditions the escape 
permitted even though escape is not a 

It also has been shown that the type of 

and the type of responses made duri 
stimulation influence the appearance of s 
These facts indicate that auditory stin 
mere sound stimulation is inadequate 

ing seizures. Rather, other conditio: 
present, and these other conditions dete; 
whether behavior tensions are built 
permitting a release through some av 
havior. It is when these tensions becom 
that they break forth as a seizure. T} 
smoke, water spray, and electric shock 
during conflict) also produce seizures u 
conditions indicate that sound is not uni 
seizure-producing qualities. Since the ¢ 
of escape behavior prevents seizures, 

to conclude that behavior must be bloc 
irritants are applied. 

The mere fact that conflict and unres: 
sions seem to be essential for producing 
makes the seizure appear to be a form of 
rather than the epileptic attack of a dei 
ganism. Perhaps Dr. Goldstein's cla 
“catastrophic reaction,’ is more adeqt 
neurosis, since this term implies a for 
organized behavior which occurs when tl 
ment places demands on the organism 
incapable of handling. Either “neurosis” 
strophic reaction,” however, places the e1 
the abnormality as being one that 1s 
induced rather than the response of an 
defective organism. 

Secause of the profound nature of tl 
other aspects of the abnormality report 
rats frequently have been overlooked. | 
situation in the rat was highly frustrating 
produced nervousness which extended outs 
situation. Experimental rats become less 
breed, and they develop a retiring natu 
behavior alterations are akin to 
changes, since they extend outside the 
tion. Further, and more important, ts t! 
the frustrating situation produced com] 
havior in many of the rats, particularly 
showing seizures. Compulsive behavior 
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Fig. 4. Close-up cf rat in the one-window test. In this 
Ptest only one card is presented at any one time. The ani 
mal is about to be forced to jump to the punishment card 
(Nozzle attached to the air hose is shown beside rat’s 


fail 

appears in neurosis and is one of the most difficult 
to explain. A classical illustration of compulsive 
behavior is Lady Macbeth’s repeated hand-wash 
ing, which is regarded as an effort to cleanse her 











self from guilt. Because compulsive behavior is a 





fundamental type of abnormality, it was selected 
for special study. Thus, from the outset, our studies 






of abnormal behavior in the rat have dealt with two 
distinct forms of abnormality. 







WHEN a rat is placed in the card-discrimination 
problem situation in which reward and punishment 
are applied in a random order, the animal is con 
fronted with an insoluble problem. This fact is soon 






tecognized by the animal, and it expresses its 
fecognition of such a difficult problem by refusing 
to choose between cards. This refusal is so intense 
that hunger is not sufficient to cause the animal 
to take a 50-50 chance on happening to strike the 
reward card. In order to overcome this resistance, 
the animal is driven with a blast of air, as de- 
scribed earlier. Occasionally, seizures are produced 
in this situation, but more commonly the animal 
jumps at one of the cards, and soon its choices fol- 
low a consistent pattern. Usually the rat chooses 
@ card on a position basis, i.e., it chooses the card 
On the right (or left) side, regardless of which of 
the cards it is. Once the rat ceases trying out vari 
Pus possibilities and makes its choice on a position 















Basis, this way of choosing becomes the response 
fo the insoluble problem, and the animal never de- 
Piates from this procedure once it is established. 
In practicing the position response, the animal is 
punished on half its choices and rewarded on the 

pther half, since these are applied in random order. 
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Such a condition should not establish a ferre 
way of responding, vet under frustrat: 
specific responst becomes established 

Other animals can be trained to show simil 
position responses. This 1s accomplished by re 
warding animals for choosing the cards on a post- 
tion basis. Such animals are motivated to express 


position responses, whereas the animals in the in 
soluble problem situation express their position r 
sponses as a consequence of frustration 

The question now is, Are responses established 
under frustration different from those establishe 
through motivational training? 

It is found that animals that acquire their re 
sponses under frustration cannot substitute thet 
for other responses. In other words, they cannot 
learn new responses even when the situation ceases 
being insoluble. Not only are they unable to adopt 
new responses, but they are unable to drop thei 
inadequate position responses. This is true even 
they are punished each time they express their old 
responses. As a matter of fact, punishing them fot 
making their former responses makes them m0) 
likely to repeat them in the future. Animals with 
such frustration-induced position responses will 
choose the punishment cards whenever they ar 
placed on the side of the animals’ position prefer 
ences. They will even refuse to jump to an open 
window in which food is clearly displayed when its 
position does not correspond with their position re 
action. This apparently foolish response is illus 
trated in Figure 5. Before jumping to the punish 
ment card this rat sniffed longingly at the food 

This rigid behavior is in contrast to that of ani 
mals that have acquired their position responses 
under conditions of motivation. These animals 


readily learn new responses when training condi 





Fig. 5. Rat jumping to the punishment card, which is 


placed on the side of its right-position fixation. The stro 
tendency to jump to the right card makes it impossibl 


for the rat to jump to the open window on the left, in 


which food is exposed. Before jumping to the punishme: 
card, this rat sniffed toward the food and then quickly 


jumped to the right 
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tions are changed, and they are constructively 
influenced when being punished for errors. If 
punished too severely, however, they, too, may 
come frustrated, and they then behave like 
above-mentioned animals. 

3ecause frustration makes behavior rigid and 
unchangeable, we have called the responses ac- 
quired under frustration “abnormal fixations’’ to 
distinguish them from normal habits. The adjec- 
tive “abnormal” is used because the strength of 


be- 
the 


the response does not follow the principles of 
learning in establishing or fixating habits. 

Abnormal fixations not only are rigid but they 
have a compulsive character. This trait can be 
demonstrated in the following manner. Suppose 
that after a period of frustration a rat’s jump to 
the card with the white circle is always rewarded, 
whereas a jump to the card with the black circle is 
always punished. In this situation a rat with a 
right-positional fixation will receive punishment 
whenever the card with the black circle is on the 
right side, and reward whenever the card with the 
white circle is on the right side. After a time in 
this situation, the rat begins to hesitate to jump 
whenever the punishment card is on the right, or 
position, side. When forced to jump it strikes the 
card with its rump (Fig. 5) to avoid a bump on the 
nose. When the reward card is on the right side, 
however, the animal jumps readily and hits the 
card with its nose and forepaws. It is evident that 
the animal knows which card punishes and which 
card rewards, and, althoug!: it expresses its knowl- 
edge of the difference in the cards by the way it 
jumps, it does not choose the card to jump to on 
this basis. The right-position fixation apparently 
prevents the rat from making an adaptive response 
to the situation, so it is forced to take punishment 
even though it knows better. This unadaptive be- 
havior is in contrast to that of animals with normal 
position habits. As soon as they learn which card 
punishes and which card rewards, they abandon 
their position responses and, instead, follow the re- 
ward card from right to left. 

Behavior similar to the abnormal fixations in 
rats has been demonstrated in college students by 
Dorothy Marquart, one of our graduate students. 
After mild frustration in any insoluble problem, the 
time required by students to learn a simple prob- 
lem is greatly increased. Since all learning requires 
the acquisition of a new response, any resistance to 
change that is produced by frustration results in re- 
tarded learning. As might be expected, individual 
differences were apparent. Some of the students 
were not frustrated by the mild shock and learned 
at the normal rate. Those that were frustrated, 
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however, required many more trials tha: 
est of the normal learners. 

The abnormal fixation is akin to rigi 
found in human beings. Accounts of | 
behavior, such as is found in kleptomani 
and alcoholism, are common in the literat 
normality. So-called ritualistic behaviors 
the person must repeat a senseless rout 
tivities, are further examples. The fact 
attitudes are rigid and not subject to m 
regardless of how senseless they are fron 


point of view, suggests that they are fixated 
interest are the facts that rigid attitudes are , 
tionally loaded and are commonly associated 


objects that are threats to a person’s 
These observations support the sugges! 
rigid attitudes have their basis in frustrati 


attitudes on socioeconomic topics, racial qu 


and religious questions are least subject 
fication, and these attitudes are most rig 
periods of frustration and stress. 


THE studies of abnormal behavior in t] 
to a new theory of frustration. They den 
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that behavior elicited during a state of frust 


has certain unique properties, and that thes 
erties make frustration-induced behavior differ 
in kind from that produced in a motivated 

This basic separation between motivated a1 
trated behavior is in contrast to the view 
postulates that all behavior has a motive. \\ 

is assumed that all behavior is motivated, it fol 


that any behavior expressed is a means 
end. Thus, one is led to assume that 
steals he is doing it to achieve some goal, 


It is said that he is solving the problem oi satis 
ing his wants or needs, even though he may 
going contrary to some other needs, such a 


accepted by society. From this point of 
follows that 


gratifying needs, and one that is frustrati 


gated and compulsive in nature. The latter t 


behavior solves no problem and has no gi 


rect it. It may occur in children from broke: 
in which the child has adequate spending | 
This type of stealing may involve the theft 


jects for which the child has no need or 
Such behavior is similar to vandalism, 
objects are destroyed rather than taken. 
that stealing increases with frustration 
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if we make stealing unattract cr 
(punishing for the act), such behavior will | 
terred. If, on the other hand, we recognize t! 
there are two different kinds of behavior, t 

follows that there may be two kinds of stealir 
one that is motivated and solves the problen 


Ve 


tH 


ust distinguish between the various forms 
g, The separation of behavior into frus 
nstigated and goal-motivated behavior per 
such a distinction. 
we accept the belief that behavior pro 
nder frustration follows different principles 
behavior motivated by goals, we can reor 
our knowledge of the subject of frustration. 
unple, it is known that destructive (aggres 
sive or hateful) behavior is associated with frus 
tration and that a frustrated person attacks his 
enemy. This behavior may appear to be problem- 
solving in nature, but difficulty is encountered in 
explaining why people who are frustrated so often 
strike out at innocent bystanders. One can see how 
the destruction of one’s enemies would achieve ob- 
jectives, but the fact is that frustrated persons do 
not always express their hates in such a manner 
hs to solve problems. Instead, they create more 
roblems by their hateful behavior. Thus, frus 
rated parents abuse their children and rationalize 
at they are training them. The children return 
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e hatred or direct it toward society through de- 
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t 
t 
t 
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quent behavior. 
It seems useless to probe for problems which 


hate behavior solves. Instead, our theory suggests 
that frustration produces hate, and the hatred is 
directed toward anything that is convenient or is 
jn the individual’s attention during his frustration. 
Some of the animal experiments show that the type 
of behavior expressed in frustration is determined 
by its availability to the individual rather than by 
its effectiveness. 

Another form of behavior associated with frus- 
tration is that of regression, which represents a 
type of behavior more childish than the individual’s 
Jevel of development warrants. Thus, bed-wetting 
in an eight-year-old is a sign of regression. A child 
that has learned to walk may temporarily revert to 
creeping when frustrated. Believers in the theory 
that all behavior is motivated have difficulty in ex 
plaining such senseless regressive behaviors. What 
problem is solved by this type of behavior? Fre- 
quently, it is said that the child desires attention. 
The attention he receives from bed-wetting, how- 
ever, may be a spanking and degradation. Is this 
activity solving a problem for the child, or is it 
aggravating a condition that is already bad? If, 
however, we assume that frustration produces re- 
‘gression and that this simplification of behavior is 
2 direct result of frustration, then our problem is 
sto seek the source of frustration. The child that re- 
igtesses may feel rejected. Punishment makes him 
Heel more rejected. On the other hand, love and 
junderstanding reduce the state of frustration. It 
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then follows that a child is most likely to be cured 
if he is given treatment that reduces his frustration, 
and this is frequently what the practicing psychia 
trist recommends. He suggests love and attention 
because they work. Nevertheless, from a motiva 
tion point of view, rewarding a bad response with 
love should strengthen it. Yet both aggressive and 
regressive behaviors are reduced when treated with 
understanding and love 

From our point of view it follows that the be 
havior expressed gives no clue as to what the 
frustrated individual needs. A child that is insecure 
may deveolp a form of ritualistic behavior and so 
show signs of fixation: he may whine excessively, 
wet the bed, and have difficulty in learning, thereby 
showing signs of regression: he may become di 
structive with toys or be a bully in school, thereby 
showing aggressive symptoms ; or he may show be 
haviors that are combinations of fixation, regres 
sion, and aggression. Regardless of which behav 
lors are expressed, however, the underlying cause 
may be the same. If the insecure or rejected child 
is to be made to feel secure, therapy is achieved in 
the same way, regardless of the specific symptoms 
that a given child exhibits. 

To show more clearly the difference between 
motivated and frustrated behavior, we have listed 
in Table 1 those characteristics of each that seem 
to be sufficiently common to warrant inclusion (al 
though there may be many others). 

The differences in behavior listed in the table 
are basic, and failure to make these distinctions 
seems only to lead to inconsistencies and confusion 
If these differences are recognized it means that the 


TABLE 1 


CHARACTERISTICS OF MOTIVATED AND |] 
BEHAVIOR 


Motivation-induced Frustration-instigated 


Goal-oriented Not directed toward a goal 


Tensions reduced when goal Tensions reduced when be 

is reached havior is expressed, but 
increased if behavior 
leads to more frustration 

Punishment aggravates 
state of frustration 


Punishment deters action 


Behavior shows variability Behavior is stereotyped and 
and resourcefulness in a rigid 
problem situation 


Behavior is constructive Behavior is nonconstructive 
or destructive 

Jehavi -efle hoices in- ) , ] 

ehavior refiects choices in Behavior is compulsive 


fluenced by consequences 


Learning proceeds and Learning is blocked and be 
makes for development 


and maturity 


havior regresses 


+4222) 2 25,427 2% 








first step in diagnosis is to determine which con- 
dition an individual is in when one attempts to 
correct behavior. The nonfrustrated person is sub- 
ject to training because he is responsive to training 
methods, and he can be attracted to substitute 
goals. 

The frustrated individual, however, needs relief 
from frustration. Can the situation be corrected ? 
If so, then such correction is a form of therapy. 
Another possibility is to treat the individual rather 
than the situation. Can the state of frustration be 
relieved without making it necessary to change the 
situation? Actually the expression of a frustrated 
response reduces the state of frustration. An act 
of aggression such as writing a hateful letter 
achieves relief even if the letter is not mailed. Cry- 
ing (a regressive response to frustration) reduces 
frustration and the person need not receive the 
concessions that tears sometimes attain. Rats which 
showed tendencies to have seizures when frus- 
trated, had fewer seizures when they developed 
fixations. Thus the various frustration-induced re- 
sponses seem to relieve the state of frustration, but 
it must not be supposed that the anticipation of 
such relief is an essential cause of the behavior. 
To make this supposition would deny the basic evi- 
dence which differentiates motivated and frustra- 
tion-instigated behavior. 

Unfortunately, the expression of frustration-in- 
stigated responses frequently leads to further frus- 
tration. When one strikes another or verbally 
abuses him, the other person strikes back and so 


creates a further problem. Thus the 
relief gained through expression is of! 
fact that the end the expression has s 
which leads to new frustration. It is for t 
that therapy must permit harmless f 
gression. Such harmless forms of agg 
encouraged in play therapy and_ in 
situations. These permit children and 
express hostility without having th 
challenged. 

We thus find that the experimentatio1 
mals leads us to a theory of frustration 
organizes the facts of human behavior a1 
prets the meaning and importance of cert 
of therapy. It has supplied us with cert 
principles which have a firm foundation i: 
principles are experimentally derived. Whet! 
experimentation can proceed to aid us i1 
ing many of our perplexing problems re 
be seen. 

Certainly the world situation offers mai 
lems. To what extent are we reading moti 
the frustrated behavior of nations with 
come in conflict ? To what extent are our bel 
frustrated reactions rather than problem-s 
reactions? Can a frustrated world solve 
lems? If therapy is needed, who or where ca 
find a disinterested party that can make the 


nosis ? The frustrated person rationalizes and just 


fies his feelings and actions, and for this 
the patient cannot easily treat himself. Is t 
true of the behavior of nations ? 
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an two thousand years in the history of malari 
logy. Beginning with the recognizable description 
bi malarial fevers by Hippocrates, and “The Agues 
the Bd Fevers that plagued our land” in The Wasps, 
insW By Aristophanes, countless references have been 
al made in popular and scientific writing to one of 
ins worst infections. 
No effort will be made to chronicle the relation 
S Di the discovery of the microscope by Leeuwen- 
1c] oek to the first view of plasmodia in 1880 by the 
laviors military surgeon Laveran ; to demonstrate the part 
solving played by the development of polychrome stains 
pr n the discovery of the mosquito cycle of malarial 
an barasites by Ross; to relate the explanation of the 
diag- (Bpalarial paroxysm by Golgi to advances in pathol- 
I jus wy and haematology ; or to show how chance led 
reas the discovery of quinine as an antimalarial agent 





Which was man’s sole weapon against the disease 
for almost three hundred years. Instead, this ac- 
ount will deal with the application of closely and 
istantly related disciplines of knowledge to the 
Study of plasmodia. Methods and results from the 
helds of nutrition and metabolism of cells and 
picroorganisms are now being applied to studies 
p malarial parasites. Biochemical, clinical, and cul- 
tural procedures are shedding new light on the 
mode of action of antimalarial drugs. The studies 
and results to be mentioned have been made with 
tertain species of avian, simian, or human ma- 
fori 















as, 





MALARIAL infections in man are caused by four 
Species of parasites, Plasmodium falciparum of 
Malignant tertian malaria, Plasmodium vivax oi 
Penign tertian malaria, P. malariae of quartan 
Malaria, and P. ovale of ovale tertian malaria.’ 









‘This review was compiled in connection with a 
Palaria research project supported by a grant-in-aid to 
fhe Harvard Medical School from the Division of Re 
Search Grants and Fellowships, National Institute of 
mealth, U. S. Public Health Service. 

Superscript figures refer to sources omitted here owing 
fh lack of space. References will appear in the reprints. 
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[ALARIAL PARASITES AND THEIR MODE OF LIFE 


QUENTIN M. GEIMAN and RALPH W. McKEE 


(hese human infections have certain features 

common, such as mode of transmission by varying 
species of anopheline mosquitoes, parasitizauion ol 
red cells, anemia, and the production of chills and 
fever characteristic of clinical malaria. However, 


each type of infection has distinetive biological 


characteristics and response to chemotherapeuti 
agents 

Malignant tertian malaria, a truly tropical in 
fection of man, is responsible for the greatet 
number of deaths. This parasite, in the primary 
infection, multiplies rapidly within the host red 
blood cells, with a periodicity of 48 hours, and 
produces an overwhelming parasitemia which can 
the circulating erythro 


infect up to 50 percent o 
cytes. During the growth of the parasites in 
red cells, the membranes of the host cells are al 
tered physically and chemically so that they clog 
the small capillaries and rob the surrounding tis 
sues of nutrients and oxygen, resulting in cessa 
tion of the function of the involved organ. If the 
parasites localize in the brain, coma and death can 
occur within 3—5 days after the onset of the disease. 

Benign tertian malaria is the type of infection 
with 48-hour periodicity which seldom kills. This 
tvpe of disease is the cause of extensive morbidity 
because ot clinical relapses and of the oreat diffi 
culty in obtaining radical cures with available 
antimalarial drugs. The tissue stages apparently 
are suppressed but not killed by the majority of 
antimalarial drugs, emerging to produce relapsing 
malaria when the concentration of the drugs in the 
blood falls below effective levels. 

Quartan malaria is produced by parasites with 
a cycle in the blood stream which requires 72 hours 
for completion. This infection can become latent 
and persist as long as forty years without causing 
clinical malaria in the interim. Evidence for this 
latency has been obtained from numerous infections 
of quartan malaria developing in recipients who had 
had direct transfusions from a pooled blood bank 
provided by donors with a previous history of 
malaria, usually in childhood. 

Although experimental human infections in vol 
unteers or in paretics receiving malaria for thera 
peutic purposes have provided extensive informa 
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tion about the pathogenesis, immunology, and 
chemotherapy of the disease, studies with avian and 
simian infections have advanced our knowledge 
also. Avian species, P. gallinaceum, P. lophurae, 
and P. cathemerium, have been used experiment- 
ally, and studies with the simian species P. know- 
lesi, P. cynomolgi, and P. inui have furnished 
basic fundamental knowledge of the latter group. 
Since P. knowlesi has a 24-hour asexual cycle, is 
highly pathogenic for monkeys, and will produce 
clinical malaria in man, this species has been used 
for experiments by numerous investigators. 

Prior to the widespread use of malaria for the 
therapeutic treatment of paresis, the discovery of 
the simian parasite P. knowlesi, and extensive 
studies of avian plasmodia, our knowledge of fac- 
tors underlying fundamental host-parasite phenom- 
ena was very limited. The advent of experimental 
infections that could be studied and controlled 
under laboratory conditions provided the tools to 
fill the many gaps in our knowledge about the life 
cycle of the parasites and their biochemistry, 
immunity, physiological pathology, and chemo- 
therapy. 

Life cycle of parasites. Careful and thorough 
work by Huff and Coulston? led to the discovery 
of tissue stages of avian malarial parasites which 
develop in the cells of the host between the bite of 
the mosquito and their appearance in the circulat- 
ing blood. This discovery provided new facts and 
evidence for the discovery of similar stages in 
human malarias. The work of Fairley et al.* showed 
that tissue stages existed in human malarias (P. 
vivax and P. falciparum). These stages have now 
been found in parenchymatous cells of the liver for 
two mammalian plasmodia, P. cynomolgi of mon- 
keys and P. vivax of man.* Since the relapsing 
nature of human malarias, particularly vivax 
malaria, is related to the existence and persistence 
of these tissue stages, methods and techniques will 
be sought to study the effects of drugs. This in- 
formation will also be helpful in finding more 
effective and less toxic drugs to produce radical 
cures. 

Immunity. The newer knowledge of immune 
phenomena in malaria and of the relation of immun- 
ity to treatment has provided explanations for the 
nature of acquired immunity, and the concepts 
affecting the use of clinical or radical cures in 
achieving malaria control in endemic and hyper- 
endemic malarious areas.®:*:":* The reasons for the 
low-grade antibody production to antigens derived 
from asexual stages of plasmodia and the precise 
metabolic effects of antibodies on growth and mul- 
tiplication of the parasites have not been studied. 
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Physiological pathology. Malaria 
acute problem in World War II. Prio: 


clinical and experimental evidence 


plained the pathogenesis of malarial p 


periences with large numbers of in 
tracted in malarious areas during ope: 
war emphasized the extent of unsolv¢ 
The acute and often fatal termination 0 
malaria and the serious relapsing natu: 
malaria stimulated more thorough i: 
into the cause of death and the extent | 
caused by attacks of the disease. 

In spite of the reinvestigation into t 
ism of death in acute malarial infect 
troversy still exists. The sequence of ¢ 
ing up to death in acute monkey inf 
P. knowlesi has been studied in vivo 
et al.’ Explanation by these authors « 
blood” leading to stasis of the circulati 
and death in acute malaria is interpreted s 
differently by Rigdon.'° The rapid destruct 
red cells by the parasites and by ph 
considered as the primary cause of 
hence of the lesions found in cerebral and 
involvement. 

The investigations conducted by the 
Navy * ™ to discover the organic and | 
ical causes for morbidity produced by 
have added needed information about this i1 
and its sequelae. The chronic sympt 
which was found was attributed primaril 
malaria. On the other hand, many of th 
effects ascribed to malaria arose from t! 
ality of the individual and not from the d 

These studies are of prime importance 
clinician and the pathologist. An accumulat 
elaboration of biochemical and_ nutritio 
about plasmodia should eventually lead 
understanding of the underlying ability’o 
parasites to produce disease and feath 

Biochemistry. A substantial series 
on the biochemistry and metabolism oi 
parasites has been made during the past 
Rapid strides in biochemistry have pri 
sential methods and techniques app! 
studies of bacterial and parasitic metabolis! 
nutrition. Microorganisms are not simple it 
structure and metabolism but highly co: 
their cellular make-up and life processes 
protozoa which cause malaria requir 


physical and chemical conditions for their exist 


and transmission from mosquito to mai 
known about the requirements for dé 


of plasmodia in anopheline mosquitoes. | urth 


more, the invasion and growth of thi 
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aces 1) erythrocytes further complicates studies 
li the requirements for growth, multiplication, 





fand hanism of disease production. 

| The first basic metabolic studies on plasmodia 
iwere made by Christophers and Fulton in 1938.74 
Prior to that time it was known that parasitized 
plod required glucose and that such blood became 
after standing in a test tube, owing to the 
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blue’ 
removal of oxygen by the parasites. These British 
pworker -; studied a number of carbohydrate nutri 
ents an d found that glucose was oxidized by the 
paras site P. knowlest. In addition, they found that 
blood from infected animals consumed oxygen to 


produce ¢ carbon dioxide much more rapidly than 








normal blood. 

} In 1941, Maier and Coggershall'® extended the 
experiments to demonstrate that various carbo- 
Dydrates were capable of maintaining the oxygen 
luptake of P. knowlesi, P. inwi, and P. cynomolgi 
pi monkeys, and P. cathemerium and P. lophurae 
jof birds. An attempt was made to correlate the 
Guhibitory action of drugs on oxygen uptake to 
ppotimalarial activity, but the correlation was not 
x ar-cut.® In the canary infection, P. cathemer- 

gum, Velick** correlated growth and nuclear divi- 
sion of the parasites with increased respiration, 
respiratory quotient, and cytochrome oxidase ac- 
tivity. Wendel’® greatly extended our knowledge 
oi the metabolism of the malarial parasite P. 
knowlesi, Respiratory activity with glucose and 
Jactate substrates was equally good. Wendel con- 
firmed the earlier work showing that glucose and 
pxygen = utilized with great rapidity by para 
sitized cells and that lactic acid accumulates be 
cause only about half the formed lactate is oxidized. 
Additional glucose is rapidly converted by the 
parasites to lactic acid, producing a rapid fall 
pH and a subsequent drop in respiration. 

In early morphological studies of plasmodia in 
red cells, it was observed that the host cell became 
increasingly pale as the parasite grew within. 
This observation suggested the utilization of 
emoglobin by the parasites to form the pigment 
aid down in the cytoplasm. Brown!’ showed that 
emoglobin of the host erythrocyte was split to 
orm hematin, but the fate of the globin portion of 
pe molecule was not known. More recently, the 

ork of Moulder and Evans?’ and of Morrison 
nd Jeskey*? has shown that the protein of the 
ed cell is hydrolyzed and about half the amino 
acids are utilized by the parasite for the synthesis 

{ protein, the remainder of the amino acids 

lalyzing out of the cell. 

This brief review indicates the basis for the bio- 
hemical and cultural studies begun by our group 
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at the Harvard Medical School in 1943, The basic 
nature of the early work and the method of ap 
pr ach to unsolved problems were aptly stated by 


Wendel 


knowledge of the me 


tabolic characteristics of malaria 
parasites may lead to an understanding of the lethal actior 
of quinine, atebrin and plasmochin on Plas: 
knowledge may, perhaps, simplify search for other ai 
malarial agents. Short of this, chemical studies should 
reveal the nutritional requirements and end-products 
the metabolism of malarial parasites, in consequence « 
which tn vitro cultivation may be feasible 

Extensive information had accumulated between 
the discovery of plasmodia by Laveran in 1880 


and 1943, but fundamental biochemical data was 


meager and the requirements for in vitro cultiva 
tion were only partially defined.?*:' 

Since the production of clinical malaria in man 
involved the asexual cycle of the parasite in the 
erythrocytes floating in the plasma, more chemical 
knowledge was needed about the erythrocyte and 
the plasma. P. knowlesi of monkeys was chosen 
for the basic studies, ** *° *° and analysis of the 
major inorganic components of the blood (Macaca 
mulatta) was undertaken. A comparison of normal 
and parasitized blood gave similar results with th 
exception of an elevation of plasma potassium fo1 
a short time following rupture of parasitized red 
cells and a slightly lowered blood inorganic phos 
phorus, which is due to the conversion to organ 
phosphorus by the parasites. 

Simultaneously with this attack, extended meta 
bolic and chemical studies were made both on 
normal and infected erythrocytes. Many of the 
results of earlier workers with P. knowlesi were 
confirmed, namely, the maintenance of respiration 
with glucose or lactate, and the increased respira 
tion with the increase in size of the parasite. In 
addition, glycerol was shown to be even more ef 
fective than glucose or lactate in the respiration 
of the parasites. Amino acids as a substrate pro 
duced a small uptake of oxygen, whereas succinate 
and acetate appeared to have no eifect. Respiration 
was shown to be inhibited by cyanide, carbon 
monoxide, and high oxygen tensions. It was found 
that the parasitized erythrocyte converts glucose 
to lactate at a rate 25-75 times that of the normal 
monkey erythrocyte—increasing as the parasite 
grows. However, the lactate that is formed is 
oxidized at only one sixth to one third the rate 
at which it is. produced. Chemical analyses of 
normal and parasitized cells for fatty acids and 
total and partitioned phosphorus showed that each 
parasitized cell contains 4 times the fatty acids, 
3 times the total phosphorus, 2.4 times the 15 
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minute hydrolyzable phosphorus 
thirds of 


(approximately two 
the adenosine triphosphate phos- 
phorus), 3.8 times the phospho- 
lipid phosphorus, and 13.5 times 
the nucleic acid phosphorus found 
in a normal red cell. 

This ability 
erythrocytes to convert glucose to 


of parasitized 
lactate and to oxidize lactate and 
pyruvate indicates that the ma- 
larial parasite synthesizes both 
glycolytic and oxidative enzymes. 
In view of this a study was made 
of the lactic dehydrogenase en- 
zyme and of the flavine adenine 
dinucelotide content of both nor 
mai and parasitized red cells. Two 
to 2.5 times more of the dehydro- 
genase and 9 times more flavine 
adenine dinucleotide are present in 
parasitized than in normal cells.?* 
Speck, Moulder, and Evans,** 
studying P. gallinaceum, deter- 
mined both the glycolytic cycle 
and the oxidative systems (tricar- 
boxylic acid cycle) involved in the 
parasite. They also obtained evi- 
dence linking protein metabolism 
to the oxidative processes. 
Bovarnick, Lindsay, and Hellerman,” 
the glycolytic and oxidative processes involved in 
P. lophurae. They have shown that succinate and 
fumarate, components of the tricarboxylic acid 
cycle, produce oxygen uptake which is inhibited by 
cyanide and by atabrine and quinine. These anti- 
inhibit the phosphorylation of 


POP 


combined.?6 


> 


studied 


malarials also 
glucose. 

As stated previously, glycerol is oxidized by the 
erythrocyte parasitized with P. knowlesi even more 
avidly than is either glucose or lactate. This is 
true also for P. cynomolgi and P. vivax.*® This 
rapid oxidation of glycerol is of considerable 
interest because, first, it undoubtedly indicates the 
presence of an additional oxidative enzyme system ; 
and, second, although glycerol is effective as a 
respiratory substrate, it will not act as the chief 
caloric source in maintaining the growth of para- 
sites. The presence of glucose is absolutely essential 
for normal in vitro growth of parasites in all the 
systems tested thus far. 

The great rapidity with which glucose is con- 
verted to lactic acid, with its consequent accumula- 
tion owing to the oxidation of only a fraction of 
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INGREDIENTS OF SYNTHETIC MEDIUM FOR IN VITRO 
ILTIVATION OF PLASMODIUM KNOWLES: 
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Fig. 1. To make the synthetic medium for the cultivation of n 
malarial parasites, stock solutions 


of the different “blocks” 
the total lactate formed, causes a treme 
cumulation of acid. It is for this reason tl 
dilution or perfusion methods had to b 


for the in vitro cultivation of the malaria 


sites.*° The dilution procedure involves bot 
ing the numbers of parasites and adding 


parasitized blood three volumes of nut! 
(Fig. 1) so that the accumulating acid 


quately diluted. The perfusion method al 


the outward diffusion of lactate, other 


ducts, and cell and plasma components not pri 


in the nutrient medium, with the inward 
of substrates. Both these procedures (Fig 
been utilized successfully for the nutriti 
cultural studies—each having certain ad 
and certain limitations. In vitro growth a 
tiplication have been obtained with fiv 
of malarial parasites, P. knowlesi, P. « 
P. lophurae, P. vivax (Fig. 3), and 
parum.®*® To obtain quantitative data 
parasites before and after culture, films 
on cover glasses for staining, counting, a! 
tion, and erythrocyte counts are obtain 
amounts of glucose and lactate utiliz 
index of the in vitro growth of the | 
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Fig. 2. Type of rocker used to agitate parasitized blood being cultivated in 


a 


Warm 


room. 


uitures is maintained by passage of a mixture of 5 percent carbon dioxide and 95 percent air through the vess 


PParasitological and biochemical data are combined 
Mo interpret the results of experiments. 

The in vitro studies have shown that an isotonic 
jnorganic medium, similar in composition to the 
host’s plasma, is essential for the maintenance of 
red cells and for growth and multiplication of 
malarial paras:tes.** In addition, glucose is essential 

as a source of energy, p-aminobenzoic acid 
(PABA) as a growth accessory, and amino acids 
for protein synthesis. Vitamins, and purines and 
pyrimidines, both added as ‘“‘blocks,” are important 
in the nutrition of P. knozwlesi.*® 

In attempting to evaluate further the essential 
or accessory nature of other nutrients in the 
medium for growth and multiplication with the di- 
lution method, masking effects due to the presence 
of plasma prevented interpretation of results.*' 
v\ dilution technique was then devised utilizing 
normal parasitized erythrocytes freed of plasma 
by washing and subsequently suspended in the 
isotonic culture medium.*® With such a system, 
vittle if any growth and multiplication of parasites 
scould be obtained unless a protein was added to the 
nutrient medium. Purified albumins and globulins 
from both human and bovine plasmas have been 
fused with success. A system containing crystal- 
line bovine albumin as a source of protein has been 
putlized in the re-evalution of the inorganic com 
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Fig. 3. Photomicrograph of a third 
of P. vivax. This blood film was made 68 hour 


start of the culture 
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ponents of the medium, pH and tonicity, the additions of protein and methionine to t! 


individual amino acids, glycerol and sodium ace- medium used in this washed-cell cultu ® 
tate, ascorbic acid, certain vitamins, purines and there still remain one or more factors needed : 
pyrimidines, and known plasma substances not optimal growth and multiplication of the paras; dei 
present in the nutrient medium.** both simian and human. These unknoy s 

The most striking effect observed in these recent are present in plasma and are diffusibl; 4 | 


in vitro studies was the essential need for methio- cellophane, as shown by experiments 
nine.**: ** Tf methionine is absent from the environ- _ perfusion culture technique. In an attemy 
ment of the red cell, very poor growth and mul- mine these unknown factors, a number of 
tiplication occur. The addition of albumin to the have been tested, none of which show ® 
plasma-free medium had no influence on the amino _ results. In this regard, Trager? showed that a bro’ 
acid requirement—methionine was still essential. cell extract was beneficial to the in vitr: 
This apparently means that proteolytic enzymes’ of P. lopiurae. 
are not present outside the erythrocyte ; otherwise, The ultimate goal in nutritional and 1 
adequate methionine would be obtained from the — studies of malarial parasites is to obtaii 
hydrolysis of the albumin. The need for added and multiplication of the organisms in a co: 
methionine is not too surprising in view of the synthetic medium and devoid of the host red 
fact that hemoglobin contains only about 1 per- In Figure 4 an effort has been made t 
cent methionine, whereas most proteins—and pos- diagrammatically the growth and metabolis 
sibly parasite protein—contain 3 or 4 times that the asexual stages of plasmodia. The chart 
quantity. compiled from the results of metabolic and 
In spite of the dramatic effects produced by the tional studies carried out in various laborato 
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Fig. 4. Schematic diagram showing growth and metabolism of malarial parasites. The sequence of « j 
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activity. ple 
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it was 


issed elsewhere.** It is sufficient to add, 
mphasize, that our knowledge is far from 







gud ; 

dom and that more studies are needed to 

define ther the nutrition and metabolism of the 
urasites and the pre yperties of the red cell so neces 

r. the life of asexual stages of plasmodia. 
Considering briefly the in vitro requirements of 





palaria parasites, we have found recently that the 
gutrition of the monkey (Macaca mulatta) is of 
greal importance to the course of infection with P. 
bnowlesi. Monkeys that were deficient in ascorbic 
either naturally occurring or artificially pro- 








acid, Sey ' 
duced, grew only a limited number of parasites. 


The usual highly pathogenic course of infection 
was restored by the administration of pure ascorbic 
acid. A more recent finding, and one which we 
believe to be of even greater interest and impor- 
fance, is the control of parasitemia by withholding 
food from infected animals (Fig. 5). This control 
Oi parasitemia can be reversed if a full diet or if 
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gnly methionine or p-aminobenzoic acid is admin- 
istered. However, the inhibition of parasite growth 
js not released if food is given about 8 or 9 days 






aiter inoculation with parasites. Immune mechan- 
jsms aid in controlling parasitemia at that stage of 
the infection even though the restored diet is ade- 
quate. In other words, adequate nutrients must be 
present in the animal to grow parasites. If the rate 
of parasite multiplication is retarded below a cer- 
tain level, immune mechanisms are mobilized to 
control the further growth and multiplication of 
parasites. These observations have many applica- 
tions to practical malarial problems and need to be 
explored further. 











NuMEROUS free-living protozoa*® and bacteria*’ 
have comparatively simple nutritional and cultural 
tequirements. Tissue cells,** parasitic protozoa, 
and numerous species of pathogenic bacteria are 
more fastidious in their requirements. In most 
tases, media for cultivation were devised empir- 
ically and, when successful, answered laboratory 
Tequirements for study and propagation of the 
organisms. Similar attempts to devise methods and 
cultural procedures for asexual stages of malar- 














fial parasites were impeded by the complexity of 
conditions which had to be met, and the com- 
plicated problem of maintaining blood in vitro in 
2 physiological state. The accumulation of biochem- 
ical and nutritional knowledge about plasmodia is 
necessarily dependent on, and limited by, the extent 
and advance of our knowledge about blood. 

The primary environment of malaria parasites 
Bs blood. Blood plasma and red cells contain com- 
ilex mixtures of inorganic and organic chemicals, 

















ptember 1948 





with specific physical and chemical properties 
delicately balanced by enzyme- and hormone-reg 
ulating mechanisms according to the specific host 
The blood components vary with the nutrition ot 
the host and the function and secretion of the 
j 
| 


organs 1n the body. The specific biochemical all- 
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Fig. 5. Schematic representation of the control of 
parasitemia in monkeys as a result of the withholding of 
food, of the release of this control upon giving a full diet, 
or upon the administration of methionine and PABA. It 
also indicates the counteraction of antibody proteins in the 
plasma on parasite growth about 9 days after parasite 
inoculation. 
ferences between the blood and tissues of different 
hosts are providing new concepts in the study of 
host-parasite relationships. 

Since previous empirical efforts failed to produce 
satisfactory in vitro methods for the propagation of 
plasmodia, it became necessary to approach the 
problems systematically by analyzing host plasma 
and the properties of plasmodia in order to provide 
a foundation on which to build. Reference to pre- 
vious papers and to the partial discussion here 
indicates the elaborate methods and techniques 
that have been found necessary to achieve growth 
and multiplication of malarial parasites. It is hoped, 
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however, that the procedures can be simplified 
later. 

Whether simplification of methods and the syn 
thetic medium now in use will be possible is not 
known at this time. The requisite components 
and properties of the synthetic medium for cul- 
tivation are determined by the dual need of sup- 
porting the host red cell and its parasite in a 
physiological state for growth and multiplication. 
The nutrition of the parasites involves the splitting 
and utilization of hemoglobin, to form pigment 
(hematin) and to synthesize parasite protein, and 
the availability of diffusible substrates from the 
nutrient medium. Although the parasite contains 
enzyme systems, nothing is known about the sup- 
porting role which the host cell plays either in the 
nutrition of the parasite or in supplying a physica! 
intracellular matrix needed for the existence of 
the parasite. 

Unsuccessful attempts to cultivate the parasites 
free of the red cell in media simulating the intracel 
lular components of the erythrocyte suggest the 
existence of unknown requirements for growth. 
Precise reasons for the immediate reinvasion of 
normal red cells by the progeny or merozoites of 
each asexual generation are not known. Perhaps 
the erythrocyte provides a more compatible inor- 


ganic and organic environment to cai 
bolic functions. When available, a 

the growth requirements of other obli 
lular parasites, such as Rickettsia and 

with those of Plasmodia will be of ore 

and practical value. 

The competition of the malarial 
cells and tissues of the host for nut: 
the basis for host susceptibility, virul 
sity or levels of parasitemia, and sti 
initiation of immune reactions. The ; 
host to provide the specific metabo! 
parasites determines the initial rate of 
multiplication. Natural or experimen 
ence with any of the key metabolites 
affect one or all of the categories of | 
relationships. Chemotherapeutic int. 
produce clinical or radial cures of the i1 
the parasites by direct action or selectiv: 
vital enzyme systems. 

Thus, factors which influence host- 


lationships and susceptibility to plasmod 


be analyzed in vitro and in vivo, The 1 
aid in evaluating the mode of life of 
parasites and when applied to other 
protozoa should provide needed infor 
value in combating important human inf 
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» stars flame down... and who will say 
P worm is not as great as they? 


“Glowworm,” by Daniel Smythe 






HE problem of reaction rates biological 


processes is the most complex and at the 







PI same time the most fascinating of all kinetic 
ghenomena. How is it, for example, that among 
Mammals a Blue whale, say, may be born with a 
meight of some 7,000 pounds whereas a human baby 
Feighs only 6 or 8 pounds? Yet both begin their 

pdividual life as a single microscopic fertilized 
ey, and the period of gestation is approximately 
the same. In another three years, the whale has 
meached maturity, sometimes attaining a length of 

) fect and weighing more than 200,000 
lounds. This is an impressive example of normal 
Mifferences in the chemical reaction rates respon- 
Ble for growth, at practically the same constant 
femperature, among related organisms. Such dif- 










ferences are, of course, under genetic control, but 
4 recognition of this fact merely poses one aspect 
of the problem to be explained. Moreover, the in- 
fluence of the genes may be modified, and to some 
éxtent overridden, by influences of the environ- 
ment. Thus, an excess of a single protein, the 
growth hormone of the anterior pituitary, leads 
fo abnormally large but symmetrical growth of a 
Maturing individual, whereas a deficiency of the 
Same substance results in a dwarf; a lack of vita- 
min A impairs vision; and insufficient oxidation 
of phenyl pyruvic acid in the body is always cor- 
felated with a certain type of idiocy. 

Familiar examples of the significance of reac 
fion rates in living organisms are legion. Cancer 
is one of the most important of the unsolved prob- 
Iems. In leukemia, a cancerous state of the white 

‘Blood cells, the population of leucocytes becomes 
abnormally large. Normally, a subtle control 

felative reaction rates maintains a delicate balance 
between the rate of formation and rate of de- 
struction of these cells. The balance may be upset 
Bot only by cancer, but also by a bacterial invasion, 
Whereupon the leucocytes increase to several times 
their normal population. Perhaps in both cases an 
Mhhibitory factor is removed. In any case, whether 
We deal with growth, reproduction, longevity, 
fespiration, or other complex phenomena, includ- 
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BIOLUMINESCENCE: A REACTION RATE TOOL 


FRANK H. JOHNSON 
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ing the thought process itself, inhibition as wel 
as acceleration are fundamental to the normal rate 
control of the numerous reactions, simultaneou 

as well as consecutive, which lead to the observed 
result. 

Any attempt to analyze the mechanism of bio 
logical reaction rate control must first take into 
account this fact—axiomatic among biologists 
that the reactions are enormously complex. A sec 
ond fact, paradoxical though it seems, is that, 
under given conditions, in a given genetic en 
vironment, a whole complex process may behave 
much in the manner of a single chemical reaction 
The scientific literature is replete with instances 
where the rate increases over a considerable range 
of rise in temperature, in accordance with the 
\rrhenius equation, a mathematical relation that 
was originally discovered through studies on th 
rate of hydrolysis of sucrose by various acids 
The usual interpretation is that in such cases the 
total rate is limited by the velocity of the slowest 
reaction involved, e.g., the activity of a single 
protein catalyst, or enzyme. Unlike most ordinary 
chemical reactions, however, the biological rate 
does not continue to increase more or less indefi- 
nitely as the temperature is raised. It always 
reaches a maximum, the so-called optimum, then 
decreases. Thus, at the higher caierainibel: a 
different reaction becomes important in limiting 
the rate of the over-all process, and there are sub 
stantial grounds for believing that this reaction is 
the thermal inactivation of one or more of the en 
zymes concerned. 

The activity of a critical enzyme with its sub 
strate may determine the rate of a complex bio 
logical process. As an approach to the analysis of 
factors which influence the total rate, many proc 
esses, including growth, are too complicated, or the 
experiments too time-consuming, to provide favor 
able material for study. Under different condi 


tions, different systems might assume control of 
the rate. Ideally, one would like to have some 
process whose rate is limited largely by the same 


enzyme system under a wide variety of conditions 


I‘urthermore, one would like to have a means of 


measuring readily and accurately the activity of 
that system. Finally, 


if it is not asking too much, 
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index to its activity, such as a little glow of light 
whose brightness would be proportional to the 
reaction velocity of the system. A system with 
these characteristics would be an ideal tool. 

Nature has been kind to the investigator of 
biological reactions in providing just such a sys- 
tem: bioluminescence. Nature has been kind, 
again, in bestowing this fascinating property upon 
bacteria, which are widely distributed in the sea, 
easily isolated, and conveniently cultivated in the 
laboratory. Moreover, in bacteria the luminescent 
reaction, under favorable conditions, is a steady- 
state process, the emitted light glowing at constant 
intensity over considerable periods of time. Yet 
it responds at once to alterations in temperature 
and hydrostatic pressure, as well as to the addi- 
tion of many chemical agents of physiological and 
pharmacological interest which react directly with 
the light-emitting system. Luminescence responds 
immediately by changing to a faster or slower 
steady state, indicated by a different, constant 
brightness. Or, if the environmental conditions 
are so drastic as to destroy the system, the rate 
of destruction may be accurately followed by the 
progressive decrease in brightness, even when this 
rate is so fast that it could scarcely be measured 
by any other means. 

With the unique advantages found in lumines- 
cence, it has been possible to analyze to an un- 
usual extent the mechanism of factors which in- 
fluence the rate of a biological process within a 
living cell, and the results have been of some gen- 
eral significance. Since the quantitative aspects 
have been set forth at length in papers by Johnson 
and collaborators, Eyring, Brown, and others, the 
discussion in this article deals primarily with the 
basic ideas in a largely qualitative manner. 


The luminescent reaction. First, with regard to 
bioluminescence itself, the work chiefly of Harvey 
and his associates has shown that the brightness 
of this “cold light” is proportional to the reaction 
velocity of the oxidative enzyme luciferase with its 
substrate, luciferin. From certain organisms such 
as the ostracod Cypridina, these components may 
be extracted and partially purified. When aqueous 
solutions of the two are mixed together in the 
presence of molecular oxygen, an emission of light 
takes place (Figs. 1, 2), but it rapidly diminishes 
as the substrate is destroyed through nonlumines- 
cent reactions. In luminous bacteria a similar sys- 
tem is evidently concerned in light production, but 
is more intimately bound to the living cell (no 
attempts to extract it have been successful so far) 
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one would like to have some visible, instantaneous 
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Fig. 1. Luciferin-luciferase reaction, with « 
dried Cypridina. A partially purified solutio: 
zyme luciferase is held in the small medicii 
just before adding to solution of luciferin in t 


and, as already mentioned, may remain i1 
state for some time. Both materials ar¢ 
evidence as to the site of action of various { 


such as drugs, can be obtained with purified 


tracts, and other kinetic aspects can be mor 
studied with bacteria. Moreover, the latt 
easier to obtain and prepare in abundance: 
Most specimens of marine fish in any 
have a few cells of luminous species of bacte: 


their bodies. If the fish is placed in a shall 


containing a 3 percent salt solution and incubat 


at 10°-20° C, colonies of these bacteria 


in a day or two and may spread over a large | 


of the body surface before putrefaction 
(Fig. 3). Pure cultures are isolated by 
bacteriological procedures, using a culture 
containing 3 percent salt. For experiments 


cells are usually grown on agar until maxi 


brightness is attained, and then emulsified 
fered salt solution containing an excess of g! 
as hydrogen donator, followed by thorou 
tion with air or oxygen. Under these cor 
the rate of the luminescent oxidation 1 
primarily by the activity of the luciferase 
The action of temperature and pressu 
the advent of Eyring’s theory of absolute 1 
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fates 1935, the rational basis of chemical reac- 
tion rates became available in the expression 

ae 3 
k =K 2 
4 h 


q 


Kt chy 
in which k’ is the specific rate constant, and A* ts 

he equilibrium constant between the reactants and 
Bhe activated complex. Once formed, the activated 


g which is the same for all chemical reactions. 
7 


Absolute temperature, and /1 is Planck’s constant. 
Whe transmission coefficient, «, takes into account 


Behe probability that the activated complex, after 


4 


Mreaking apart, will not immediately reconstitute 
Stself. For most reactions the value of x is very 
Klose to unity. All the methods of thermodynamics 
are applicable to the equilibrium constant A‘, ex- 
actly as they are to any ordinary equilibrium con- 
stant, the dagger superscript indicating ‘‘of activa- 
tion” rather than ‘‘of reaction.” Thus 

-RTInK* = A F* = A H*-T A S* 

AEt+ pAVt-TaAS (2), 
in which AF? is the free energy of activation, 
je, the difference between the free energy of the 
activated complex and reactants; A H+, the heat 
of activation (corresponding to the “pv” of the 
Arrhenius equation) ; A E*, the energy of activa- 
tion; A V+, the volume change of activation; A S?, 
the entropy of activation; », the pressure; 7, the 
gas constant; and 7°, the absolute temperature. It 
follows that, other things being constant, the re- 
action rate will be determined by temperature and 
pressure, in accordance with the values of A HH? 
and A V+, respectively. Numerical values of these 
constants may be calculated from a few data relat- 
ing the rate of the reaction to the variables, tem- 
perature and pressure, respectively, and the rate 
can then be predicted for other values of the same 
variables than those measured, provided the 
mechanism of the reaction does not change. 

In biology, the same theory applies to each in- 
dividual reaction among those which are involved 
together in bringing about a complex process. This 
theory for change, along with the classical thermo- 
«lynamic theory for ordinary equilibria, constitutes 
the ultimate basis for interpreting the control of 
the rate. Both have been applied quantitatively to 
bacterial luminescence and the whole process, 
ander the specified conditions, found to behave 
Much in the manner of a simple reaction. 
| First, with respect to temperature, when a test 
tube containing a suspension of luminous bacteria 
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omplex decomposes with a universal frequency, 


B, this term, & is the Boltzmann constant, 7 the 





Fig. 2. Photograph of same tube taken by the cold 
light that was emitted as soon as the two solutions wert 
mixed. 


1s placed in ice water, luminescence becomes rela 
tively dim. If the tube is gradually warmed, the 
brightness increases progressively with rise in 
temperature, finally reaches a maximum, and then 
decreases with further rise in temperature until 
it all but disappears (Figs. 4, 5). At this point, if 
the tube is placed at once in the ice bath again, 
luminescence grows brighter, reaches its former 
maximum (Fig. 6), and decreases as the tempera 
ture of the cells changes from warm to cool. 

This is a critical experiment, revealing a fact 
of basic importance, namely, that the heat- as well 
as the cold-diminution of the observed reaction is 
readily reversible. Two limiting reactions are in 
volved in the control of luminescence, one pre- 
dominant in the low temperature range, the other 
in the high. Quantitative analyses leave little 
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Fig. 3. Left, a fish dinner, with shrimp, appetizingly 


garnished with parsley and lemon; right 


mens, as seen in the dark, both fish and shrimp glowing with the pale, blue-green light given off by non 
luminous bacteria growing on their su ace. A few generations ago, before modern refrigeration, it 


usual to find uncooked meat and sea food exhibiting such 


many others as long ago as the seventeenth century. 


doubt as to the nature of these reactions: the first 
is the rate of the catalytic, enzyme reaction itself, 

e., the luciferin-luciferase reaction which leads to 
the emission of visible light; and the second is a 
mobile equilibrium through which the active en- 
zyme is denatured to an inactive form. The former 
has an apparent activation energy (AH?) of 
15,000—20,000 calories, typical of biological oxida- 
tions and many enzyme reactions as well as more 
complex processes, whereas the latter has a heat 
(AH) of 55,000 or more calories and entropy 
(AS) of some 200 E. U., indicative of protein 
denaturation. 

A second observation of basic importance con 
cerns the influence of hydrostatic pressure. At low 
temperatures, the application of a few hundred 
atmospheres of hydrostatic pressure immediately 
reduces the brightness luminescence. At the 
temperature of maximum brightness, however, 
such pressures have scarcely any observable effect, 
and at still higher temperatures, in the range where 
heat diminishes the brightness, pressure will at 
once counteract this diminution (Fig. 7). The 
opposite effects of pressure show that different 
reactions are predominantly in control of lumines- 
cence brightness at the two extremes of the tem- 
perature range. There is evidence that these reac- 
tions, again, are the enzyme reaction itself and the 
reversible denaturation of the enzyme, respec- 
tively. The former proceeds with a volume increase 
of activation (A ’*+) of some 50 cc/mole, whereas 
the denaturation is accompanied by an even larger 
volume increase of reaction (A Il’), closer to 100 
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an appearance. It was well known to Robx 


cc/mole. Pressure thus retards the rea 


noticeably under conditions where the e: 


essentially all in the native state, as at 


peratures. When, however, a considerabk 


of the enzyme is in the reversibly denatur: 
the application of pressure shifts the equ 


in favor of the active form and the intens 


light increases. This effect arises from tl 


volume change in the equilibrium than in 
process, the net result of pressure being at 
in the over-all rate. At the temperature 
mum luminescence, the so-called opt 


influence of pressure on the two reactions | 


out. 
Although the theory based on these tw 


reactions is Oversimplified, it is sufficient 

culate with remarkable success the brightnes 
luminescence, in relative units, over most 
temperature range in which it can be mi 
and for pressures up to some 10,000 pour 


square inch. The theoretical equation 1s 


k’ (luciferin ) (luciferase ) 
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which / represents brightness of lun 
in arbitrary units, and ¢ is a constant « 
some known constants as well as others, 


THE SCIENTIFIC M( 



































Se ae ae 










Fig. 4. Three tubes containing portions of the same sus 
ension of luminous bacteria at (left) cold, (midd/e) 





respectively. 


ncentrations of luciferin and luciferase, which 
cannot be readily determined within a living cell. 
The other symbols have the usual meaning given 
above. 

It is worthy ot note that, first, equation (3) pro- 
vides a rational basis for the interpretation of the 
“temperature-activity” curve; second, the rever 
sible effects of hydrostatic pressure are accounted 
for on the same basis; and, third, this equation 
deals with the activity of a single enzyme system. 
Moreover, a number of chemical agents, including 
some of the familiar drugs, have been found to act 
upon the same system, introducing new reactions 
that limit its rate. 


rhe action of chemical agents. From a study 
of the extracted and partially purified luciferin- 
luciferase system of Cypridina, it has been shown 
that the rate of light production may be slowed 
the presence of drugs such as urethane, sulfa 


nlamide, and others. Their inhibitory effects are 


removed by diluting the solution, and they evi- 
dently act by entering into an equilibrium com- 
bination with this system directly. In approxi- 
mately the same respective concentrations, these 
drugs also inhibit the luminescence of living bac- 
teria (Figs. 8, 9), likewise reversibly, since the 
inhibition disappears if the cells are centrifuged 
and resuspended in a drug-free medium. It appears 
safe to conclude, therefore, that the action in both 
the extracted system and in bacteria is fundamen- 
tally the same. Yet the mechanism of action of 
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ptimum, and (right) unfavorably warm temperatures, 





different drugs may be altogether different, as 
shown by the influence of temperature and hydro 
static pressure upon the amount of inhibition 


110 
is. 


caused by a given concentration of the drt 

Qualitatively, the influence of temperature may 
be demonstrated by a simple experiment, as shown 
in Figure 10. A small amount of sulfanilamide 
solution is added to one tube (/eft), dilute alcohol 


to another (right), and pure salt solution is added 


to a third (middle) as a control for comparison 
Xqual portions of a bacterial suspension are added 
to each tube, and the luminescence of all three 
noted at different temperatures. In an ice bath (4 ) 
it is at once apparent that, although the alcohol 
causes no perceptible change in brightness, the 
sulfanilamide all but extinguishes it. As the three 


tubes are simultaneously warmed, all 


oTOW 
brighter until at the optimum temperature the 
sulfanilamide-containing suspension has increased 
in brightness manyfold, and is much more nearly 
equal to that of the control (6). The influence of 
alcohol, however, becomes increasingly manifest 
as the temperature rises, and it causes an obvious 
inhibition at the optimum temperature. At still 
higher temperatures, in a warm bath, the sulfanil 
amide tube remains luminous, whereas the one 
with alcohol is practically extinguished (C). All 
these effects are reversible on cooling; that is, the 
former relations obtain if the tubes are again 
placed in an ice bath 

The quantitative analysis of data trom expert 
ments of the type just described makes it evident 
that sulfanilamide combines in a manner that is 
independent of the denaturation equilibrium of the 
enzyme. It combines as if with some active group 
on the enzyme, involving chemical bonds that are 
not concerned in the thermal inactivation of the 
catalyst—perhaps with a prosthetic group. Conse 





Fig. 5. Same tubes, as photographed by their own light, 


brightest at the optimum temperature, and dimmer when 
either too cold or too warm. 
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The influence of pressure on the acti: 
drugs might be anticipated from the ab: 
erations. Combination with sulfanilamide 
involves few bonds and leads to no pr 
change in the state of the protein catal 
Consequently, pressure would be expect: 
very little influence on the amount of t! 
tion, since the volume change of the e 
would be small. On the other hand, because 
relation to the denaturation equilibriu 
proceeds with quite a large volume cha 
effects of alcohol might be expected to be sensit 
to pressure, as, in fact, experiments have de: 
strated. Thus, at the optimum temperature, wh, 
pressure ordinarily exerts little or no ol 
influence, the addition of alcohol causes an jnhj! 
tion that, for moderate concentrations, can be | 
pletely eliminated by hydrostatic pressure. 
The action of these drugs on luminescens 
relation to their concentration, to temperature 
to hydrostatic pressure, is described with cons 
erable accuracy by the following theoretical ¢ 
tion, in which K, represents, as previously 
equilibrium constant for the reversible denatu 
tion of the enzyme in absence of drugs, 
equilibrium constant for the combination 
molecules of sulfanilamide in molar concentrat 
(X) with the enzyme, and K;, the equilibrium co: 
Fig. 6. Same tubes after placing all three in a water Stant for the combination of s molecules of alco! 
bath at optimum temperature. Both the heat- and the in molar concentration (U) with the enzyme 
cold-diminution are reversible. 


' , ; A FE} paV? 
quently, as the temperature is raised, this combina- RT. Re 
tion becomes dissociated, and the percentage of cTe e 
inhibition is decreased. Alcohol, on the other hand, ” LR FRAY FRA) KR 
acts exactly as if it promoted the same equilibrium 
change from active to inactive states of the enzyme On dividing equation (3) by equation (4 
that is furthered by temperature in the absence mumerators on the right cancel out and sin; 
of a drug; in other words, as if it catalyzed the formulations are arrived at for determining | 
denaturation of the protein. Or, viewed in another equilibrium constants for the inhibitory reactio: 
way, alcohol appears to combine with bonds on provided that the inhibitors of the two types 
the protein that are made available through the not simultaneously present and entering 
denaturation. Thus, as the temperature is raised, possible combination with each other. The analys 
the fraction of protein molecules with which alco- indicate that one molecule of sulfanilamide « 
hol may combine is increased, and the inhibition bines with the enzyme molecule, whereas the rat 
is augmented. In effect, the drug lowers the tem- of alcohol molecules combining per protein n 
perature of protein denaturation. A rise in tem- cule is from three to four. The heat of 1 
perature also tends to dissociate the protein-alcohol in the sulfanilamide combination is around |! 
complex, however, and the net result depends upon calories, whereas that for alcohol is muc! 
the equilibrium constants for both these reactions. and, unlike the former, is associated bot! 
The heats of reaction are of opposite signs, and large entropy and volume change. 
in the event that they are numerically the same 
the inhibition remains independent of tempcrature. Significance of the pressure effects. | 
Examples of this sort may be found in the litera- going discussion has dealt almost entirel) 
ture with respect to other drugs and systems. process of luminescence as a type react 


Ca 


4 
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taRR; 


Fig. 7. 


“bombs” are filled with equal portions of a bacterial suspension, both at a 
diminution in brightness. Bomb at right is then connected to the hydraulic press and the bacterial 
is visible through the plate glass window, .7! 


under 7,400 Ibs./in.2 pressure. /nset: Luminescence 


bomb. Photographs show a close-up of the windows, taken by the light of the bacteria. 1 


Showing the influence of hydrostatic pressure on the brightness of bacterial luminescenc« 


temperature high « 


‘he briel 


cence is much greater in bomb at right, showing that pressure counteracts unfavorable effects of 


temperature. A similar effect is noted at the optimum temperature if alcohol, 
first added to both suspensions. At cold temperatures, in the absence of drugs, effects are just 
window on right, showing the luminescence of the cells under pressure, would be dimmer than one on 


urethane, or certain other 
the reverse; 
] 


mal pressure. In all these cases, the influence of pressure is in same direction as that of cooling 


the conclusions regarding certain mechanisms have 
been based very largely on kinetic evidence, i.e., 
the analysis of rate phenomena. Previous to the 
study of luminescence, the physiological effects of 
pressure, in particular, had not been interpreted 
on the basis of a rational, quantitative theory. 
There had been no evidence that hydrostatic pres- 
sure may retard the denaturation of proteins; on 
the contrary, a great deal of data had already ac- 
cumulated showing that very high pressures, 
usually on the order of 10 times those which have 
been referred to, actually accelerate protein de- 
naturation. Several questions, therefore, immedi- 
ately present themselves. Is there, for example, 
any evidence more direct than purely kinetic evi- 
dence that protein denaturation can be retarded 
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or reversed by pressure? Just what happens to a 
large molecule when it undergoes a volume change 
in a reaction? Why do moderate pressures, up to 
1,000 atmospheres, retard protein denaturation, 
whereas very high pressures, of 10,000 atmos 


pheres and above, accelerate it? Do the effects 


the lesser pressures have any fairly general sig 
nificance ? 

In answer to these questions, it should be 
pointed out first that, with regard to a rate pro 
ess, kinetic evidence is not only the best but vi1 
tually the only kind that can be obtained for such 
volume changes of the molecules, and this is mea 
sured by the influence of pressure on the rate of 
reaction. This volume change takes place in the 
activated complex, which at room temperature 


21 
i 








Fig. 8. The influence of drugs at the optimum temperature of luminescence in the species of bacteria « 
Each flask contains equivalent portiong of a bacterial suspension, to which has been added (left to ri 
amounts of alcohol, aspirin, no drug (control), procaine, ether, and sulfanilamide, respectively. 


has a lifetime usually of about 6 ten trillionths of 
a second, and only a fraction of the reactants are 
in the activated complex at any one time. With 
equilibrium reactions, on the other hand, it is pos- 
sible to make direct measurements of volume 
changes between the initial and final state by 
means of a dilatometer. In this way it has been 
shown by Heymann that the denaturation of cer- 
tain proteins—e.g., the coagulation of egg albumin 
by heat—is accompanied by volume increases of 
the same order as those revealed by the kinetic 
analysis of luminescence in bacteria. Furthermore, 
recent studies of the influence of pressure on the 
denaturation of highly purified human serum glob- 


ulin and of tobacco mosaic virus, unde1 
fluence of heat as well as certain drugs, 


shown that pressure retards the rate by a 1 


tude indicating about 100 cc/mole volu 
crease of activation. There is no doubt that in t 
cases investigated protein denaturation n 
accompanied by a volume increase. 

There is no basis in theory, however, fo: 
dicting that the volume change on denat 
will always be an increase, or that it will 
be different in the final than the initial, ot 
activated than in the normal, state. The 
change will depend upon the mechanism 
reaction, and, with molecules as complicat 


Fig. 9. Same flasks of bacteria, photographed by their own light, showing a partial (and reversible) i1 
of luminescent system through the action of the respective drugs. 
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A 
Fic. 10. 


mide and alcohol, which act by different mechanisms 


and alcohol to the third (right). Three 
light emitted from these 
(B 


rise 


‘ond (control), 
posure, were then made by the 
temperature (4), second at optimum temperature 
effectiveness of sulfanilamide decreased by a 
effects of heating are largely reversible on cooling, 


is in 


those of proteins, the highly ordered native struc 
The 


opposite effects of very high pressures at ordinary 


ture may be altered through many pathways. 


temperatures, and of moderate pressures at high 
The 


mechanism of denaturation of proteins under very 


temperatures, are an illustration of this fact. 


high pressures has not been clearly elucidated, 
although it has been suggested (Eyring) that it 
results from a change in structure of the solvent. 
It is known, for example, that there at least 
five different forms of ice, of which only one (ice /, 
ordinary ice) is less dense than water. Under high 
pressure other forms of ice become stable, and 
such a change in the structure of the solvent might 
be sufficient to lead to instability of the compli 
cated protein structure. 

At high temperatures, the 
companying denaturation has been interpreted as 


are 


volume increase ac- 
a loosening of the secondary bonds which normally 
hold the chains of amino acids in a highly specific 
configuration. With the loosening of bonds 
the whole molecule unfolds from a somewhat glob 


these 
ular to a more fibrous form, and it is reasonable 
to expect volume increases of the order of magni- 
tude that have been observed to characterize such 
denaturation reactions. Pressure opposes this un- 
folding by opposing the volume increase and, in 
equilibrium reactions, results in refolding of 
some of the molecules. Thus, in a reversibly de- 
natureg state, at high temperatures, or in the pres- 


a 
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The relation between temperature and amount of 
To 
ial suspension, a small amount of sulfanilamide solution was added to the first tube (Jeft), 


tubes, 


), finally 


B 


inhibition of luminesce caused | 


test ital 


NCC 


Wng 


)\ 
three tubes cot equivalent 

: sii 
photograpl I pec 
when 
at 


perature, 


nding 


) 
] lac ( d 


an temperature 
1 1 


tem 


as dis< usse d 


as alcohol, urethane 


application of pressure causes bac teri il 


tov ther, 
Perhaps 


roteln 1S 


bacl 
YACK 
activit 


the p 


squeezed 
its 


olding of 


to be virtually 


restoration of catalytic 
unl necessary 


thei 


| 


1 
id af 


analogous 
mes with 
Phis 


cts 
Tairly 


in the combination of certain enz\ 
substrates in the activated state 
count the fact that there 


increase of activation in the 


Wou 
is a large vol 


catalytic 


lor 


ume reaction, 


as in bacterial luminescence at 


under conditions where essentially 


normally in the native form. 


1S 


some enzymes, however—for exat 
is apparently not accompanied 


that 


tase by 


cant volume change, suggesting 


o} such an 


groups of enzyme are at the surtace 


so that it does not have to un 
The the ot 


normal 


molecule, 
reaction. active 
the 
the m 


Reversible physiological effects of moderate 


groups ot 


state are presumably folded 


olecule 
creases e are widespread, as 
the 


moeboid mo 


in hydrostatic pressut 


shown by studies on the contraction of muscle, 


characteristics of the nerve impulse, a 
and othe 


tion, sol-gel changes in myosin proto 


plasmic gels, specific precipitation of antibodies, 


The 


that have been interpreted as a 


and many other phenomena. volume increases 


ccompanying an 


unfolding of the protein, however 


interest in connection with the 








Photograph of tl 
taken by the light 
10,000,006,000,000 
Photobacterium ph 
luminescing in 12 
oxygenated salt s: 


bacteria, but th 

are “barophilic’’ 

isms, derived fr 

deep sea, that ma 

as well (or better 

600 atmospheres p: 

as under 1 atmos; 

other things being 

The nature of tl 

tation to growt 

pressure, as well 

whole relation of p1 

to the metabolism 

teria and other orga 

in the ocean depths, 

an unusually chalk 

pr yblem. 

The quantitative t 

for certain aspects of | 

logical rate control 

has been worked 

connection with lu 

cence has been exte1 

since 1942, to other pr 

esses. Some of then 

already been referred 

briefly in the abov 

cussion of pressure 
thesis and growth in general. For, in order to ac- fects. A few others are worthy of mentio: 
count for the synthesis of highly specific, optically The relation between temperature and bacter 
active molecules, it seems necessary to postulate (£. coli) growth rate during the logarithi 
a templet mechanism, the first molecule acting as phase at normal pressure is described with cot 
a pattern for the construction of a second one just siderable accuracy by equation (3), from low t 
like it. Moreover, in order for a native protein to peratures to those that are high enough almost 1 
act as a templet, it would seem equally necessary prevent growth. The diminution in rate at 
for it first to unfold into a one- or, at most, two- temperatures is immediately reversible on 
dimensional form. The evidence that has already ing, provided the cells are not maintained at sucl 
been discussed leads one to expect that such un- temperatures for more than a short time. Const 
folding will be accompanied by a volume increase quently, it appears that the rate of growth, like that 
of considerable magnitude. Pressure, therefore, of luminescence, is,limited largely by the activi! 
should oppose the reproduction of proteins, genes, of a single enzyme system under the chosen cond 
viruses, and other complex molecules in living tions, and that the reversible denaturatiot 
cells. It has been recently shown to retard very single system again is the limiting mechanis 
markedly the rate of bacterial reproduction (E. the above-optimum temperatures. Whether 
coli). Current experiments (with C. E. ZoBell) the same system concerned at both the low 
indicate that this effect is of general applicability high temperatures cannot be decided on thi 
to pure cultures of numerous species of terrestrial of the evidence at hand. Unlike luminescence 


s+ 
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. the rate of growth is not markedly increased 
- pressure at high temperatures, possibly for 
sons (among others) that have been indicated 
the discussion of volume changes that would 
ie anticipated in connection with the biosynthesis 
; complex molecules. A pressure of 300—400 at- 
spheres retards growth at all temperatures in 
st ordinary bacteria and in all of several genera 

; yeasts that have been studied in pure culture, 


F.ccording to recent studies by ZoBell and Johnson. 


I) some of these bacteria, however, growth will 
take place under pressure at high temperatures, 
where it apparently does not occur at normal pres 
-ure, in the same organisms whose reproduction 
;s inhibited by the same pressure at lower tem- 
peratures. These results clearly represent the net 
effect of pressure and temperature on a number of 
possible limiting reactions, such as the catalytic 
process of enzymes, the reversible and irreversible 
denaturation of the proteins, syn hesis, etc. 

In contrast to the effects of slowing growth and 
reducing viability at ordinary temperatures, pres- 


Fsure aids in maintaining viability—i.e., slows dis- 


infection—at higher temperatures. This is true 
even of bacterial spores at 95° C. Moreover, the 
lestruction of spores at this temperature is ac- 


Scelerated by urethane in a manner that is opposed 


pressure. In this case, also, the limiting reaction 
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would appear to be one of protein denaturatiot 

The quantitative relation between inhibition of 
oxygen consumption and of methylene blue reduc 
tion 1n bacteria by urethane, both in relation to 
concentration of the drug and to temperature, is 
described with considerable accuracy by equation 
the studies of Koffler, Wilson, 
and Johnson, Current studies in our laboratory 


(4), as shown by 


have also shown that the thermal denaturation of 
tobacco mosaic virus is accelerated by urethane and 
may be opposed by pressure. The same is true of 
bacteriophage. 
Although not 


treated with the same simplicity as luminescence, 


all biological processes can be 
as one would expect, the studies on luminescence: 
have yielded a rational theory of much broader in 

plications. They have anticipated results in diverse 
other processes. Numerous other phenomena, fot 
which data adequate for analysis are not yet avail 
able, 
terpretation on the basis of the same fundamental 
theory, appropriately extended to deal with more 
complicated situations. Thus, while the property 


may be expected to disclose a quantitative in 


of luminescence is of questionable advantage t 
many of the organisms possessing it, there is no 
doubt that it provides a unique and efficient tool 
to the of 


trolling biological reaction rates. 


investigator basic mechanisms con 
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PLANT PHYSIOLOGY AND RECENT PROGRESS IN AGRICULTURE 


REAT progress in agriculture often finds its 
(GG origin in the plant physiological laboratory. 
Not so long ago manure was the only means the 
farmer had at his disposal for restoring to the land 
some of the fertility that cropping had removed. 
It was only after plant physiologists had learned 
to understand the fundamental principles of the 
mineral nutrition of plants that the chemical in- 
dustry could make available effective fertilizers. 
Without modern chemical fertilizers large-scale 
farming would hardly be conceivable. 

At the close of World War II plant physiology 
made another major contribution to agriculture: 
plant hormones. Today tons of these synthetic 
growth regulators are produced by the chemical 
industry, whereas before the war these substances 
could be found only in gram bottles on the shelves 


the unexposed part of the plant was « 

black paper or hidden below the surface 
In other words, Darwin found that the t 
young plant had some way of communic: 
the regions of the plant below it. 

Darwin did not suggest a solution of 
lem, but it aroused interest in academic cit 
under the leadership of P. 
University of Copenhagen, the problem 


Soysen Jens 


under investigation. Gradually it becan 


and more apparent that a chemical co: 
naturally occurring inside the young plant 
as the messenger which told one part of t! 
what was going on in another. At the | 


of Utrecht, nearly fifty years after Darwi 


periments, it was conclusively proved that a 
cal was involved by F. W. Went, who 


separated the active principle from the plant 
Even though proof now existed that diti 
parts of a plant communicate with each other 
means of a chemical principle, the nature 
compound still remained obscure. However, 
1934 this problem was also solved. At the | 
versity of Utrecht, Kogl and Haagen-Smit ident 
fied indoleacetic acid as one of the compounds 
volved. Since this substance could be synthesiz 
cheaply, it was readily available for experiment 


and worktables of research laboratories. These 
synthetic hormones are used as selective weed kill- 
ers on crops such as sugar cane, corn, wheat, and 
barley ; they are used in pineapple culture for the 
control of flower and fruit formation; in the apple 
industry to check the ruinous preharvest drop of 
fruit; and in the nursery for the propagation of 
plants by means of cuttings. 

The introduction of synthetic plant hormones to 
agriculture has been so sudden, and the develop- 
ment of the field has been so fast, that the majority _ tion. 
of people dealing with these compounds do not About this time plant hormone research in t 
have the time to think VU: how all this originated. United States began at the California Institut: 
It is, of course, always difficult to find the exact Technology, eventually spreading to other labo 
starting point of any discovery. An idea grows tories in the country. Soon it was learned t 
slowly in the mind of several investigators, until applications of indoleacetic acid to plants will 
suddenly one of them formulates it exceptionally vent development of dormant buds in the axils 
well, or performs a critical experiment. With plant leaves, that indoleacetic acid will promote ! 
hormones, one could say that it all started when formation on cuttings, and that it will cause { 
Charles Darwin, who was a capable plant physiolo- to set without the benefit of pollination. 
gist in addition to being the famous student of In the meantime, homologues and analogues 
evolution, studied the phenomenon of how plants indoleacetic acid were developed—principall) 
orient themselves toward the light. In this study the Boyce Thompson Institute for Plant Reseai 
he used grass seedlings, and found that their tips —which served practical ends better than the nat 
were extraordinarily sensitive to light. An ex- rally occurring indoleacetic acid. Among these 1 
tremely accurate observer, he noticed that in order synthetic plant hormones was one—a chlorinat' 
for a plant organ to curve toward the light it was — phenoxyacetic acid—which was extremely persis 
not necessary for the entire organ to be exposed to ent in the plant and at the same time highly acti 
the light. When the sensitive tip was exposed to This compound, now known as 2,4-D, is by iar t 
unilateral light, the rest of the plant also curved 


most widely used of all synthetic hormones. In | 
toward the light source. This occurred even when concentrations it could be termed a stim 
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wuses pineapple plants to flower, promotes 






ot formation in a variety of plants, and prevents 
rrus fruit and apples from falling from the tree 
efore harvesttime. In higher concentrations, how- 
-er, 2.4-D turned out to be the most effective 
lective plant exterminator ever devised. It de 





srovs the growing point of many broad-leaved 





veeds, thereby effectively preventing their re- 





Secause it is relatively harmless to plants 





yer\ 
‘the grass family, it is widely used on such 





-onomically important crops as sugar cane and the 





eereal grains, all of which are technically grasses. 





This great effectiveness, coupled with the rela- 





tively low price at which the chemical industry 





made the material available, has changed the whole 





spect of weed control. [t can be said that, as a 
result of the impetus given to the problem of weed 
control by the discovery of 2,4-D, more progress 
as been made in this field during the past five 
in the entire previous history of agri 






F years than 
ulture. 

Striking though this application of plant 

mones may be, it is by no means all that has been 





hor- 








| THAT there are in some population groups a 
“normal” proportion of Negro subjects of very 
superior psychometric intelligence was shown in a 
recent article in THe ScientiriIc MontHLy (May 
1948) by Martin D. Jenkins, formerly professor of 
' educational psychology at Howard University and 
' now president of Morgan State College. He poinis 
ut, however, that the populations producing these 
superior deviates are located aimost exclusively in 
‘the Northern urban communities, and he adds: 
| ‘Whether the fact that no children [in Southern 
| states] with this development have been discovered 
) is due to lack of environmental opportunity and 
| stimulation, or merely to lack of identification, is 
not surely known.” 
| Believing that Negro high-school seniors of su 
; perior intelligence do exist in each of the Southern 
) states having segregated school systems and that 
| these able students should be identified and their 
| iurther education be made possible, the group of 
educators who make up the Pepsi-Cola Scholar- 
| ship Board have developed a special program for 
| Negroes in the South. This Board annually awards 
f at least 119 four-year college scholarships and 550 
» college entrance awards to white and Negro stu- 
| dents in the United States and territories. In plan- 
| ting the Southern phase of the program, it has 
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IDENTIFICATION OF THE BEST SOUTHERN NEGRO 
HIGH-SCHOOL SENIORS 





achieved trom a practical point of view. In Hawaii, 
] 


synthetic plant hormones are being used on a large 
scale to force pineapple plants into flower. Another 
hormone 1s used to regulate the vegetative propa 


gation of this plant, and still another synthetic hot 


mone is used to increase the fruit size and step up 
To make the picture of 


the sugar content. crop 


control even more complete, synthetic hormones 
are also used to prevent pineapple plants from 
going prematurely into flower and fruit produc 
tion. 

Looking back upon their work, plant physiolo 
gists can be gratified with the contribution their 
research has made to agriculture. Looking ahead, 
they, and those supporting their work, may be con 
fident that 
uncover the ways in which plants function, and 


research will continue to 
} 


fundamental 
»\ 
applying this knowledge contribute further to 
progress in agriculture. 

J. VAN OVERBEEK 
Agricultural Laboratory, 
Shell Oil Company, Incorporated 


Modesto. ( ‘alifornia 






been recognized that the environment of these stu 


dents is inferior; that their schools, on the average, 
are substandard; and that these and other factors 
will depress the psychometric intelligence of such 
pupils. 

The practical problems encountered in attempt 
ing to identify the most able Negro high-school 
seniors in the Southern states are many and varied. 
In the first place, the cooperation of the schools 
must be obtained for preliminary identi ation in 
the Pepsi-Cola Scholarship program. lt a school 
refuses to enter the program for any of several 
reasons, able students Al- 
though no fees, premiums, or pledges are required 
of the school or of the participants, there is a cer- 


may be overlooked. 


tain amount of suspicion among educators of any 
scholarship program financed by a commercial con- 
cern. (Actually, the Pepsi-Cola Scholarship Board 
is an independent corporation directed and com 
pletely managed by educators. The Pepsi-Cola 
Company, at the request of its president, Walter S. 
Mack, Jr., finances the project.) Also, many Negro 
school officials believe that no pupils of theirs have 
any possible chance of continuing their education 
on the college level and that participation is, there- 
fore, pointless. Teachers in industrial types of high 
schools often fall into this category. 
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Second, since the preliminary test must be given 
in each participating school, able students may be 
at a disadvantage and less able ones aided if the 
test is not administered correctly. 

With these problems in mind, the Board has set 
up this method of identification: Once a school has 
registered, candidates for the scholarships are 
chosen by a senior class election on the basis that 
they are the ones “most likely to make an impor- 
tant contribution to human progress.” Any school, 
no matter how small the senior class, may have 2 
representatives. In the larger schools, up to 5 per- 
cent of the senior class may be entered. 

These candidates then take the preliminary se- 
lection test—prepared and scored especially for this 
program by the College Entrance Examination 
Board—in their own schools and administered by 
a member of the school staff. Approximately 8 of 
the highest-scoring pupils in each state on this first 
test then are asked to take the supervised test of 
the College Entrance Examination Board at its 
regular series. The Scholarship Board pays the fee 
required for this test. On the basis of this second 
test, the highest-scoring Negro student in the state, 
regardless of the level of his score, receives a four- 
year college scholarship. The scholarships pay full 
tuition and fees for the college of the winner’s 
choice, a travel allowance, and $25 a month for 
thirty-six months of college. The next several in 
order, up to 5 percent of those participating or a 
maximum of 5 students in any one state, receive 
College Entrance Awards, which pay $50 upon the 
winner’s entrance into college. Even low-scoring 
contestants, if they are the best in the state, re- 
ceive these awards. In this way, it is believed that 
the faith of high-school officials in the program 
can be established, increasing participation, and 
thus making improved selection possible. 

That this method of selection, to a degree at 
least, is effective is borne out by the results. In 
spite of all the practical difficulties, participation 
has increased from 561 Negro seniors, representing 
179 segregated schools in 1945, to 1,875 students 
from 652 schools in 1948. Participation this year 
included 40 percent of the 1,600 Negro secondary 
schools in the 17 Southern states and the District 
of Columbia. A total of 28,140 seniors took part in 
the class election—or approximately 73 percent of 
the Negro seniors in the South’s segregated schools. 
According to the 1945-46 figures of the U. S. 
Office of Education—the latest obtainable—there 
were 38,466 seniors in the segregated schools of the 
South. 

By having the Negro finalists on the preliminary 
test given in the schools take the supervised test 
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of the College Board for the final select 
possible to make a comparison of their s 
those of white students throughout th: 
taking the same test. The College Board S 
Aptitude Test, which is given only at s 
centers, is required of applicants to mai 
Eastern institutions and is taken by what 
ably the most highly selected group of c 
size seeking admission to college. 

This Aptitude Test yields two scores, o1 
verbal factor and one on mathematics. 
purposes of scholarship selection in the P: 
competition this year, a final score was | 
adding to the score on the verbal section 
of the score made on the mathematics sect 

Table 1 lists the scores of the 18 winners 


TABLE ] 
Scores MApDE By NEGRO FINALIsTs, 1948 P; 
SCHOLARSHIP PROGRAM, ON THE COLLI 
Boarp SCHOLASTIC APTITUDE TES1 


NUMBER OF FINALISTS W1 


College 
Entrance No 
Awards Awards 
($50) 


Four 

Year 
Scholar 

ships 


REPORTED 
SCORE* 


M VM 
600-699 ~ 1 ] 
500-599 ; . 6 
400-499 : 24 
300-399 
200-299 


Total 


488 436 | 355 : 300 354 


Average Score 


* The average score on the College Board norr 
500, and approximately two thirds of its group s 
tween 400 and 600. 

+ V is the verbal section; M, the mathematics sect 


year college scholarships on both the verbal a 
mathematics sections of the Scholastic Aptitu 
Test of the College Board. The scores are report 
on a scale ranging from 200 to 800 with a mean, 
average, of 500 and a standard deviation of 10 
One of the Negro winners scored 690 on the ver 
section and 592 on the mathematics. A score of 6” 
ranks at about the 97th percentile of the Colleg’ 
Board norms. This Negro winner from Sout 
Carolina is undoubtedly of superior intellect. Nu 
additional Negro winners scored above the averag 
of this highly selected white college entrance po 
lation ; 3 colored winners of the scholarships scor 
below 400 on the verbal section, thus falling int 
the lowest 16 percent of the College Board grou 
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comparison, the 130 white winners of 


Fot 
holarships averaged 762 on this same test, and 


sce 5 
the College Entrance Award winners (or 
s-up) among the white group averaged 696. 


This program has been a successful method for 


identitving superior Negro college material. In the 
past three years, 59 Negro high-school seniors have 


been awarded the four-year college scholarships. 
Although there has been some mortality, + of these 
59 having had their scholarships canceled, some 
of these students are now succeeding under current 
competitive conditions at each of the following col- 
leges and universities: Columbia, Illinois Institute 
of Technology, Northwestern, Oberlin, Radcliffe, 


VERY common question with which the in- 
A telligent layman greets the anthropologist 
just returning from a field trip is “What were the 
people like?’ The question is a legitimate one, 
though extremely difficult to answer, and it con- 
cerns a scientific problem which, curiously, has 
been one of the last to be taken up by anthropolo- 
gists. Usually the anthropologist will attempt to 
answer the question by describing various facets of 
the tribe’s culture, only to be asked insistently, 
“Yes, I know. But what are the people like?” Any- 
one who travels, whatever his scientific or other 
purposes, is of course aware of significant differ- 
ences in national character ; indeed, the people of 
various countries are well equipped with stereo- 
types concerning foreigners of different nationali- 
ties. These stereotypes, however, from the point of 
view of the anthropologist, are more an aspect of 
the culture of the people holding them than they 
are verified scientific knowledge. 

Anthropologists traditionally have been so con- 
cerned with preserving some record of fast-disap- 
pearing preliterate cultures that one is apt to forget 
that there is no reason why their well-tested field 
methods should not be applied to the study of con- 
temporary literate cultures. Great as the theoretical 
significance and scientific interest of such studies 
would be, these considerations are far outweighed 
by the very great practical importance of such 
knowledge. International relations are constantly 
impeded by inexplicit, unconscious differences of 
assumption and cultural expectation ; and certainly 
amajor (and irrational) cause of wars is just these 
cultural incommensurabilities that are inaccessible 
in most cases to conscious reasoning and judgment. 
Every successful diplomat has as his chief duty 
“understanding” the people of the nation to which 
he has been assigned, and he must acquire a sizable 
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and Western Reserve, as well as at Fisk, Howard, 
Tuskegee, and a number of other institutions. 
There still remain many practical problems in 
locating Negro high-school seniors of superior 
scholastic aptitude in the Southern states, but there 
is no reason to believe that there is a low upper 
limit of intellectual ability among this group. In 
the light of results achieved after four years, the 
Pepsi-Cola Scholarship Board believes that prog 
ress is being made. 
JoHN M. STALNAKER 


Department of Psychology, Stanford 
University, and Director, 
Pepsi-Cola Scholarship Board 


body of experience and information which will en 
able him to assess, to judge, and to predict the 
behavior of this people. But his knowledge is often 
unformulated or inarticulate and usually lost to 
others scientifically interested ; the prov ed methods 
of field ethnography might gather much the same 
kind of data more efficiently, voluminously, and sys- 
tematically. In peacetime such an understanding 
of the predictable regularities of national character 
would tend to preserve world peace; in wartime 
the military uses of such knowledge for “white” 
and “black” propaganda, for strategic planning, 
and for actual military operations are of almost in 
calculable importance. A notable instance in World 
War II was our failure to understand and to pre 
dict Japanese diplomatic and military behavior in 
terms of their character structure—when the data, 
indeed, are quite accessible to a scientific approach 
Whereas most studies of national character 
structure have suffered from an impressionism 1n 
evitable from an unsystematic gathering of relevant 
data, and from improperly weighted judgments 
based on too-few instances of the phenomenon, the 
Columbia University project for Research in Con 
temporary Cultures is notable for its systemati 
approach, voluminousness of data, and methodo- 
logical rigor. Not only are the formal categories of 
field ethnography used, including extensive and re 
peated interviewing, but in addition the checks and 
tests of psychology and the insights of psychiatry 
are also used. These include test materials (the 
Story Test, new forms of the Horn-Hellersberg 
Test, the Thematic Apperception Test, and the 
Rorschach: Test), as well as analyses of novels, 
cartoons, and motion pictures produced by repre- 
sentatives of the nation concerned. Full verbatim 
interviews are obtained and kept on permanent file 
for later reference; of these a keyed abstract is 
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